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( Vinnnmers aryi rnmpositio p whirh can be crosslinked flfWl CrOSSllnhed PQiYmcra 

Th present invention relates to compounds having at least two strained cydootefins bonded 
directly or via a bridging group; compositions comp -sing these compounds arnj a orie- 
component catalyst for thermally irnluced arxJ/or radiation-induced metathesis 
polymerization; a polymerization process, crosslinked polymers from the compounds 
mentioned and. if appropriate, other olefins and/or cydootefins suitable for metathesis 
polymerization; carrier materials coated virith these crosslinked polymers; and a 
polymerization process. 

WO 93/13171 describes air- and water-stable one-component and two-component catalysts 
based on molybdenum compounds and tungsten compounds containing cartwnyl groups 
and njthenium compounds and osmium compounds vwth at teast one polyene Kgand for the 
themial metathesis polymerization and a photoactivated metathesis polymerization of 
strained cydootefins. in particular norbomene and norbomene derivatives. No other 
polycyclic - above all non-fused polycydic cydootefins are mentioned. The one^omponent 
catalysts of the ruthenium compounds used, that is to say I{C,He)Ru(CH3CN)jCll*PF« and 
IRu(cumene)Cy2. can indeed be activated by UV irradiation; however, the storage stability 
of the composftions with norbomene are (sicl completely inadequate. These catalysts are 
capable of repladng the known two-component catalysts only inadequately. 

Demonceau et al. [Demonceau. A.. Noels A.F.. Saive. E.. Hubert. A.J . J. Mol. Catal. 
76:123-132(1992)1 describe (CeHjjahPRuCb [sic], (p-cumene)RuCl2P(C«Hn}3 and 
(C6H5)3l3PRuHCI [sic) as thermal catalysts for ring-opening metathesis polymerization of 
norbomene, a fused polycydootefin. These catalysts have not found acceptance in industrial 
preparation because their adivity is too low. It is therefore proposed to increase the activity 
by the addition of diazo esters. It is also mentioned that only (p-cumene)RuCl2P(CeH„)3 is 
capable of polymerizing norbomene in a relatively short time at 60-C. Cydoodene is also 
mentioned as a further monomer. No other cydootefins for methatesis (sic) polymerization 
are mentioned. 

Petasis and Fu (Petasis. N.A., Fu. 0.. J. Am. Chem. Soc. 115:7208-7214 (1993)1 describe 
thermal ring-opening metathesis polymerization of norbomene using biscydopentadtenyl- 
bis(trimethylsilyl)methyl-titanium(IV) as a themially adive catalyst. No other cydootefins for 
metathesis polymerization are mentioned. 



EP 287.762 describes crosslinked copolymers of a mixture of 1.2-bisnorbomenyl-«lhane of 
the formula 



and a compourKl of the fromula (sic] 

CH2CH2-CH-CH2 



which are prepared using catalyst systems for thermal n«tathesis polymer^ 
a catalyst and an activator. A disadvantage of these systems is the need to separate the 
catalyst and activator, so that no storage-stable pdymerizable composilioos can be 
provided. 7t» catalyst and activator can be combined only directly before the 

polymerization, highly reactive compositions which rapidly gel with evolution of h«rt b«ng 
fomied. The production of shaped articles is ^fo^ limited to certain pro««s«.. such as. 
for example, the RIM process. The resulting crosslinked polymers have high soflenmg 
t mperatures. No coated materials are mentioned. 

It has now been found that compositions of compounds comprising at least two strained 
cydoolefins bonded directly or via a bridge group and a one^xmpcnent catalj^ are 
storage-stable and have an outstanding processabiHty. even in the presence of oxygen and 
moisture, depending on the choice of catalyst. These compositions can be pro^ by 
means of the most diverse shaping processes to give crosslinked metathes« polymers 
without special safety precautions. The polymers have h^h crosslinking 
outstanding mechanical and electrical properties as well as surface propertes. for example 
low e values and tan 6 values, and a very low absorption of water. The monomers used are 
outstanding film-fom^ing agents and the polymer films have outstanding propert«s. It has 
furthemiore been found that coatings In the fom, of aosslinked polymers 
excepttonally high adhesive strengths even on smooth metal surfaces are obtained wrth the 
c mposrtion.. The storage stability enables the use as coatings, paints. P^<>»*>7*^'7 
adhesiv s and the production of all types of shaped articles. The preparation of mbber-I.Ke 
^ or themioplastic polymers wNch can be cr sslinked further is also poss.ble. 

The invention relates to compounds of the formula 1 



{A)„-B 



(1). 



in which A is the radical of a strained cydootefin. B Is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8. with the exception of 1.2-bisnoft)omenyl-ethane and 
norbomenecarboxylic acid norbomenemethyl ester. 

The cyclic olefins can be monocyclic or polycydic fused and/or bridged ring systems, for 
example with two to four rings, which are unsubstrtuted or substituted and can contain 
heteroatoms. such as. for example. O. S. N or Si. in one or mote rings and/or fbsed aficydic. 
aromatic or heteroaromatic rings, sudi as. for example. o<ydopentylene. o-phenylene. 
n-nanhthvtene o-ovridinytene or 04>yrimidinylene. The individual cydic rings can contain 3 
to 16 pr^feraWy 3 to 12. and particulariy preferably 3 to S ring members. The cydic olefins 
can contain other non-aromatic double bonds, preferably 2 to 4 sudi additional double 
bonds, depending on the ring size. The ring substituents are those whidi are inert, i.e. wtwdi 
do not Impair the chemical stabflity of the one-component catalysts. 

Fused-on alicydic rings preferably contain 3 to 8. particulariy preferably 4 to 7. and 
espedally preferably 5 or 6 ring C atoms. 

In a preferred embodiment, the radicals a in tomiula I correspond to cydoolefin radicals of 
the formula 11 

(n). 




in which 

Q, is a radical having at least one carbon atom whid.. together wrth the -CH=CQ: group, 
fomis an at least 3-membered alicydic ring whidi optionally contains one or more 
heteroatoms diosen from the group consisting of silicon, phosphorus, oxygen, nitrogen 
and sulfur, and whidi is unsubstituted or substituted by halogen. =0. -CN. -NOj. 
R,R2R3SI-(OV. -COOM. -SO5M. -PO3M. -COO(M,),«. -S03(M,),«. -PO,(M,hn.Cy 
C^oaikyl C-Czohydroxyalltyl. C-C^ohaloalkyl. C-Cecyanoalkyl. Ca-Cscydoalkyl. (V 
C,6aryl CrCiaaraikyl. C,-Ceheterocydoalkyl. CrC^heteroaryl. C.-C„heteroaralkyl or R.- 
X- or in whidi two adjacent C atoms are substituted by -COO-CO- r -CO-NR,-Ca. or 
in which an aromatic or heteroaromatic ring and/ r further alicydic rings whK:h .s (sicj 
unsubstituted or substituted by halogen. -CN. -NO,. R«RrR.Si-(0)„-. -COOM. -S03M. 
-PO3M. -COO(M,),/2. -S03(M,)m. -P03(M,),«. C,-C«,alkyl. C,-C«,hal alkyl. 



Ci-Czohydroxyalkyl. C,-CftCyanoalkyl. Cj-Cecycloalkyl. Ce-Cearyl. CrCiearalkyl. 

Cj-Csheterocydoalkyl. Ca-Ceheteroaryl. C4-C,.heteroaralkyl or R,3-X,- are optkjnany 

fused onto adjacent carton atoms of the alicyclic ring; 
X and X, independently of one another are -O-.-S-. -CO. -SO. -SOr. -OC(0)-. -C(0)-0. 

-C(0)-NR5-. -NR«-C(0>-. -SO2-O or -OSOr: 
R,. R, and R3 independently of one another are C-Cjaikyl. C,-C,2perfluoroalkyl. phenyl or 

benzyl; 

R4 and R,3 independently are C-Cjoalkyl. C,-C2ohaloalkyl. C,-Cjohydroxya!kyl. 

Ca-CBcycloalkyl. CrCiearyl or CrCiearalkyl; 
R, and R,o independently of one another are hydrogen. C-Cjalkyl. phenyl or benzyl, where 

the alkyi groups in turn are unsubstituted or substituted by C-Caalkoxy or 

Co-CacycloalkyI; 

Re. R7 and Re independently of one another are C,-C,2alkyl. C-Ciaperfluoroalkyl. phenyl or 
benzyl; 

M is an alkali metal and M, is an alkaNne eafth metal; and 

uisOor 1; 

where the alicydic ring formed wrth Q, optionally contains further non-aromalic double 
bonds; 

Q2 is hydrogen. C-Cwalkyi. Cn-C2ohatoalkyl. C,-C,jalkoxy. halogen. -CN or R^-X,; 
R„ is C,-C2oalkyl. d-Cjohatealkyl, C-Cjohydroxyalkyl. C-Cecydoalkyl. CrCt.aryl or 

Cr-Cifiaralkyl. 
X2 is -C(0)-0- or -C(0)-NR,2-; 
R„ is hydrogen. Ci-C«alkyl. phenyl or benzyl; 

where the abovementioned cydoaikyl. heterocydoalkyi, aryl. heteroaryl. arallcyl and 
heteroaralkyi groups are unsubstituted or substituted by C,-C,2alkyl. C-Cjalkoxy. -NOj. 
-CN or halogen, and where the heteroatoms of the abovementioned heterocydoalkyi. 
heteroaryl and heteroaralkyi groups are diosen from the group consisting of -O. -S-. -NRr 
and -N=; and 

Rg is hydrogen. C-Cuaikyl. phenyl or benzyl. 

The position of the double bond in the ring of the formula II in relation to the free bond 
essentially depends on the ring size and the preparation method for th compounds of the 

formula I. 

If an asymmetric centre is present in the compounds of the fomiula II. th compounds can 
occur in optically isomeric forms as a result. Some compounds of the fomiula II can occur .n 
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tautomeric forms (for example keto-erwl tautomerism). If an aliphatic C=C double borxi is 
present, geometric isomerism (E form or Z form) can also occur. Exo^ndo configurations 
are furthermore also possiljle. Formula II thus includes all the possible stereoisomers which 
ar present in the form of enantiomers. tautomers. diastereomers. E/Z isomers or mixtures 
thereof. 

In the definitions of the subsUtuents. the alkyl. alkenyJ and alkynyl gnnjps can be straight- 
chain or branched. The same also applies to the alkyl moiety or each alkyl moiety of alkoxy. 
alkylthio. alkoxycarbonyl and further alkyM»ntaining groups. These alkyl groups preferably 
contain 1 io 12. more preferably i to 8. and particularly preferably 1 to 4 C atoms. These 
alkenyl and alkynyl groups preferably contain 2 to 12. more preferably 2 to 8. and particularty 
preferably 2 to 4 C atoms. 

Alkyl includes, for example, methyl, ethyl, isopropyl. n-propyl. ivbutyl. iso^xjtyl. sec-butyl, 
tert-butyl and the various isomeiic pentyl. hexyl. heptyl. octyl. nonyl. decyl. undecyl. dodecyl. 
tridecyl. tetradecyl. pentaoecyl. hexadecyl. hepladecyl. octadecyl. nonadecyl and eicosyl 

radicals. 

HydroxyalkyI includes, for example, hydroxymethyl. hydroxyethyl. 1-hydroxyisopropyl, 
l -hydroxy-n-propyl. 2-hydroxy^vbutyl. l-hydroxy-iso-butyl. 1-hydroxy-sec-bu!yl. 1-hydroxy- 
tert-butyl and the various isomeric pentyl. hexyl. heptyl. octyl. nonyl. decyl. undecyl. dodecyl. 
tridecyl. tetradecyl. pentadccyl. hexadecyl. heptadecyl. octadecyl. nonadecyl and eicosyl 
radicals. 

HaloalkyI includes, for example, fluoromethyl. drfluoromethyl. trifluoromethyl. chloromethyl. 
dichloromethyl. Irichloromethyl. 2.2.2-lrifluoroethyl. 2-fluoroethyl. 2-chloroethyl. 2.2.2- 
trichloroethyl and halogenated. in particular fluorinated or chlorinated, alkanes. such as. for 
xample. the isopropyl. n-propyl. n-butyl. iso-butyl. sec-butyl and tert-butyl and the various 
isomeric pentyl. hexyl. heptyl. octyl. nonyl. decyl. undecyl. dodecyl. tridecyl. tetradecyl. 
pentadecyl. hexadecyl. heptadecyl. octadecyl. nonadecyl and eicosyl radicals. 

Alkenyl includes, for example, propenyl. isopropenyl. 2-butenyl. 3-butenyl. isobutenyl. 
n-penta-2.4-dienyl. 3-methyl-but-2-€nyl. n-oct-2-enyl. n-dodec-2-enyl. iso^odecenyl. 
n-octadec-2-enyl and n-octadec-4-enyl. 



CycloalkyI is preferably Cs-CaCydoalkyl. in particular Cj- or Cecydoalkyl. Some examples are 
cyclopropyl. dimethylcyclopropyl. cyclobutyl. cydopentyl. methylcydopentyl. cydohexyl. 
cydoheptyl ar^d cydooctyl. 

CyanoalkyI indudes. for example, cyanomethyl (methylnilrile). cyanoethyl (ethylnitrite). 
1-cyanoisopropyl. 1-cyano-n-propyl. 2-cyano-n-butyl. 1-cyano-iso-butyl. 1-cyano-scc-butyl. 
1-cyano-tert-butyl and the various isomeric cyanopentyl and -hexyl radicals. 

AralkyI preferably contains 7 to 12 C atoms, and particularly preferably 7 to 10 C atoms. It 
can be. for example, benzyl, phenethyl. 3-phenylpropyl. a-methylbenzyl. phenbutyl or 
a.a-dimethylbenzyl. 

Aryl preferably contains 6 to 10 C atoms. It can be. for example, phenyl, pentalin. indene. 
naphthalene, azulene or anthracene. 

H teroaryl preferably contains 4 or 5 C atoms and one or two heteroatoms from the group 
consisting of O. S and N. it can be. for example, pyrrole, furan, thiophene. oxazole. thtazole. 
pyridine, pyrazine. pyrimidine. pyridazine. indole, purine or quindine. 

HeterocydoalkyI preferably contains 4 or 5 C atoms and one or two heteroatoms from the 
group consisting of O. S and N. It can be. for example, oxirane. azirine. 1.2-oxathiolane. 
pyrazoline. pyrrolidine, piperidine. piperazine. morpholine. tetrahydrofuran or 
tetrahydrothiophene. 

Alkoxy is. for example, methoxy. ethoxy. propyloxy. i-propyloxy. n-butyloxy. i-butyioxy. sec- 
butyloxy or t-butyloxy. 

Alkali metal in the context of the present invention is to be understood as meaning lithium, 
sodium, potassium, rubidium and caesium, in particular lithium, sodium and potassium. 

Alkaline earth metal in the context of the present invention is to be understood as meaning 
beryllium, magnesium, caldum. strontium and barium, in particular magnesium and caldum. 



In the above definition, halogen is to be understood as meaning fluorine, chlorine, 
and iodine, preferably fluorine, chlorin and bromine. 
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In the radicals of the formula II. Qj is preferably hydrogen. 



Compounds wrth radicals of the formula II which are furthermore prefefred are those in 
which the alicyclic ring which Q, forms together with the -CH=CQ7- group has 3 to 16. more 
preferably 3 to 12. and particularly preferably 3 to 8 ring atoms, where the fused ring system 
can be monocyclic, bicyclic. tricyclic or teiracydic. 

The process accoraing to the invention can be earned out particularly advantageously with 
those compounds v«th radicals of the formula II in which 

Q, is a radical with at least ons carton atom wftic^^^ together with the -eM=CGr group, 
forms a 3- to 20-membered alicyclic ring which optionally contains one or more 
heteroatoms chosen from the group consisting of silicon, oxygen, nitrogen and sulfur, and 
which is unsubstituted or substituted by halogen. =0. -CN. -NO,. R,R:R3S»-{0)„-. - 
COOM. -SO3M. -PO3M. -COO(M,),/2. -S03(M,),n. -POjCMt),^. C,-C,aall«yl. Cr 
C,:haloalkyl. Ci-Cijhydroxyalkyl. C,-C4cyanoaBcyl. Cj-Cecydoalkyl. CrC,2aryf. Cr 
Caralkyl. C3-C«heterocydoa«cyl. CrC,2heteroaryl. C^-Caheteroaralkyl or R4-X-; or in 
which two adjacent C atoms in this radical Qt arc substituted by -COOCO- or ^ONRr 
C0-: or in which an aromatic or heteroaiomatic ring and/or further aficyefic rings wWch am 
unsubstituted or substituted by halogen. -CN. -NO,. R,R7R«SK -CCX)M. -SO,M. -PO,M. 
-CCX>(M,),«. -S03(M,),«. -PO,(M,),«. C-Cjallcyl. C,-C„haloallcyl. C,.Ci2hydroxyallcyl. 
C,-C4cyanoalkyl. Ca-C^cydoallcyl. CVCnjaryl. CrC,aarallcyl. Ca-Ceheterocydoalkyl. 
C3-Ct2heteroaryl. C4-C,2heteroaralkyl or R,rX,- are optionally fused onto adjacent carbon 

' atoms: 

X and X, independentiy of one another are -0-. -S-. -CO-. -SO-. -SOr. -OC(0)-. -C(OK>-. 

-C(0)-NRs-. -NR,o-C(0)-. -SOrO- or -O-SOr. and 
R,. R, and R3 independently of one another are C,-C,alkyl. C,-C«perfluoroalkyl. phenyl or 

benzyl: 

M is an alkali metal and M, is an alkaline earth metal: 

R4 and R,3 independently of one another are C^-Calkyl. C,-C,2haloalkyl, 

C,-C,2hydroxyalkyl. C,-C,cycloalkyl. C,-C„aryl or CrCijaralkyl: 
R, ar.j R,o independentiy of one an ther ar hydrogen. C,-Cealkyl. phenyl or benzyl, 
where the alkyi groups in turn ar unsubstituted or substituted by C,-C«alkoxy or 

Cs-Cecycloalkyi; 

Re. R. and R, independently of one another are C,-Cealkyl. C,-CePerfluoroalkyl. phenyl or 

benzyl: 
u is 0 or 1 : 
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where the alicyclic ring formed with Q, optionally contains further non-aromatic double 
bonds: 

Q, is hydrogen. C,-C,2alkyl, C-Cuhaloalkyl. C-C^alkoxy. halogen. -CN or RirXj-: 
R„ is C-Cijalkyl. C,-C,2haloallcyl. CrCijhydroxyalky;. Ca-Cecydoalkyl. Cs-Cijarylor 
C7-Ci2aralkyl; 

X2 is -C(0)-0- or -C(0)-NR,2; and 

R,2 is hydrogen. C,-Cealkyl. phenyl or benzyl; 

and where the cydoalkyl. heterocydoalkyl. aryl. heteroaryl. aralkyi and heteroaralkyi groups 
are unsubsUtuted or substrtuted by C,-C«a!kyl. Ct-C«alkoxy. -NO,. -CN or halogen, and 
where the heteroatoms of the heterocyctoalkyl. heteroaiyl and heteroaralkyi groups are 
chosen from the group consisting of -0-. -S-. -NR,- and -Ns; and R, is hydrogen. Ci-C.alkyl. 
phenyl or benzyl. 

Preferred compounds with a radical of the formula II from this group are those in which 
Q, is a radical with at least one cartjon atom which, together with the -CH=CQr flroup. 
forms a 3- to 10-membered alicydic ring whwh optionally contains a heteroatom chosen 
from the group consisting of silicon, oxygen, nitrogen and sulfur and is unsubstituted or 
substituted by hakjgen. -CN. -NO,. RiRaRjSi-. -COOM. SO^M, -PO3M. -COO(M,)i«. 
-SOMhn. -PO,(M,),«. C,-C«alkyl. C,-Cflhaloalkyl. C,-C.hydro)(yalkyl. C,^4cyanoaBcyl. 
CrCeCydoalkyl. phenyl, benzyl or R4-X-: or in whidi an aromatic or heteroaromatic ring 
which is unsubstituted or substituted by halogen. -CN. -NO,. ReRTRaS"-. -COOM. -SOjM, 
-PO3M. -C0O(M,),«. -SO3(M0,«. -P03{M,),«. C,-Cti>"<i\, C,-C«haloalkyl. d- 
Cehydroxyalkyl. C,-C.cyanoalkyl. C-Cecydoalkyl. phenyl. Lenzyl or R^-X,- is optionally 
fused onto adjacent carbon atoms: 
P,. R2 and R3 independently of one another are C,-C4alkyl. C,-C,perftuoroalkyl. phenyl or 

benzyl: 

M is an alkali metal and M, is an alkaline earth metal; 

R, and R„ independently of one another are C-Caaikyl. C-Cehaloalkyl. C, -Cehydroxyalkyl 

or Cj-Cjcydoalkyl; 
X and X, independently of one another are -0-, -S-. -CO-, -SO- or -SO,-: 
Re. R. and Re .ndependently of one another are C,-C.alkyl. C,-C«perfluoroalkyl. phenyl or 

t>eruyr. and 
Qj is hydrogen. 

The cycloolefin radical of the formula II is particularly preferably unsubstituted or substituted 
cydopropenyl. cydobutenyl. cydopentenyl. cydoheptenyl. cydooctenyl. cydopentadienyl. 
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cycloh xadienyl. cydoheptadienyl. cydooctadienyl and norbomcnyl or nortomenyl 
derivatives, such as. for example. 7-oxa-2.2.2-cydoheptene. and the correspond.ng benzo 
derivatives Substituents are preferably C,-C«alkyl and C,-C«alkoxy. 

Particularly suitable radicals of the formula II are nortxjmenyl and norbomenyl derivatives. 
Particularly preferred compounds from these norbomenyl derivatives are those which 
correspond either to the formula III 



^14 



Rl5 



in which 

X3 is -CHR,6-. oxygen or sulfur: 

R„ and R,5 independently of one another are hydrogen. -CN. trifluoromethyl. (CH3)3ShO-. 
(CH3)3Si- or -COOR17; and 

R,6 and R,7 independently of one another are hydrogen. C,-C,ralkyl. phenyl or benzyl: 
or to the formula IV 

X4 




(TV), 



in which 

X4 is -CHR,9-. oxygen or sulfur: 

R,9 is hydrogen. C,-C,2alkyl. phenyl or benzyl: and 

R,a is hydrogen. C-Ceaikyl or halogen. 
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The cycloolefin. radical of the formula II is particularly preferably ncftxjmenyl of the formula 




In formula I. n is preferably an integer from 2 to 6. particularly preferably 2 to 4. arxl 
speoatly preferably 2 or 3. 

In formula I. B is preferably an n-vaient bridging group 

Possible divalent bndging groups are. for exampte. those of the formula V 

in which 

X5 and X« independently of one another are a direct bond. -0-. -CH2-O-. -C(0)0-. 

-0(0)C-. -CHrO(0)C-. -C(0)-NR2,-. -R2,N-(0)C-. -NH-C(0)-NR„-. -OC(0)-NH.. 

-CH2-OC(0)-NH- or -NH-C(0)-0- and 
R20 is Cj-Ciaalkylene. Cs-CacycloalKylene which is unsubstituted or substrtuted by C,-C4alkyl 

or C-C.alkoxy. C-Ciearytene or CrCisaralkylene which are unsubstituted or substituted 

by C,-C4a»cyl or Ci-C4alkoxy. or polyoxaalkylene having 2 to 12 oxaalkytene units and 2 

to 6 C atoms in the alkylene. and 
R2, is H or C-Cgalkyl. 

Alkylene R20 preferably contains 2 to 12. and particularly preferably 2 to 8 C atoms. The 
alkylene can be linear or branched. Preferred cydoalkylene is cydopentylene. and in 
particular cyclohexylene. Some examples of arytene are phenylene. naphthylene. 
biphenylene. biphenylene ether and anthracenytene. An example of aralkylene is benzytene 
The polyoxaalkylene preferably contains 2 to 6. and particularly preferably 2 to 4 units, and 
preferably 2 or 3 C atoms in the alkylene. 

In a prefen-ed embodiment, in formula V 

a) X5 and X« are a direct bond and R^- 'S Cz-Cgalkylene. preferably C:-C,2alkyh5ne. or 

b) and Xe are -0-. -CH2-O-. -C(0)0-. -0(0)C-. -CH2-0(0)C-. -CtO-NR,,- -0-C(0)-NH- 
or -CH2-0-C(0)-NH-. and R20 'S C2-C,2alkylene. phenylene. naphthylene or benzyl ne wh«h 
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are unsuDstituted or substituted by C,-C4alkyi or C-C^alkoxy. or .R,;-(0-R::-).-OR; 
which X IS a number from 2 to 4. and R22 »s -Cj-CAaikylene 

Some examples of compounds of the formula I with a divalent bndgmg group are 
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CHjCHaCHjCHjCHjCH, 




^j:^^ CHjCH^CHaCHjCHjC^^ 

Q_CH,CH,_0 

I J — CHjCHjCHjCH, y 
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^CP^CH,^^ (13.). 



The compounds of th formula I with a bridging group of the formula V which is a pure 
hydrocartKjn bridg are obtainable, for exampi . by means of Diels-Alder r action of a cydic 
di ne with a linear or branched aliphatic diene (see also 

EP-A-0 287,762). substance mixtures which are either further used directly or separated 
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beforehand by means of customary methods often being fomied. Compounds of the fomnuia 
I with a bridging group of the fomiula V in which Xj and Xe are not a direct bond are 
obtainable from the con-esponding halicjs or dihalides, alcohols or diote. amines or 
diamines, cartxjxylic acids or dicarboxylic acids or isocyanates or diisocyanates in a manner 
known per se by ethcrification. esterification or amidation reactions. 

Possible trivalenl bridging groups are. for example, those of the formula VI 
in which 

Xj. Xe and X, are -0-. -CHrO-. -C(0)0-. -0(0)0-. -CHrO(0)C-. .C(0>^R2i-. -Ra,mO)C-. 
.NH-C(0)-NR2,-. -0-C(0)-NH-. -CHr0-C(0)-NH- or -NH-C(0)-0-. and 
Rj3 is a trivalent aliphatic hydrocarbon radical having 3 to 20. preferably 3 to 12. C atoms, a 
trivalent cydoaliphatic radical which has 3 to 8. preferably 5 or 6. ring C atoms and is 
unsubstituted or substituted by Ci-C4alkyl or C,-C4alkoxy. or a trivalent aromatic radicai 
which has 6 to 18. preferably 6 to 12. C atoms and is unsubstituted or substituted by 
C,-C4alkyl or Ci-C4aikoxy. a trivalent araHphatic radicai which has 7 to 19. preferably 7 to 12. 
C atoms and is unsubstituted or substituted by C,-C4alJcyl or C,-C4alkoxy. or a trivalent 
heteroaromatic radical whfch has 3 to 13 C atoms and 1 to three heteroatoms from the 
group consisting of -0-. -N- and -S- and is unsubstihjted or substituted by C,-C4alkyl or 
Ci-C4alkoxy. and 
R2, is H or C,-Ccalkyl. 

In a preferred embodiment. X,. X. and X7 are -0-. -CHj-O-. -0(0)0-. -0(0)0-. .CHrO(0)C- 
. .C(0)-NR2i-. -0-C(0)-NH- or -CHrO-C(0)-NH-. 

Prefen-ed radicals R23 are derived, for example, from triols. such as glycerol. 
Irimethylolpropane. butanetriol. pentanetriol. hexanetriol. trihydroxycyclohexane. 
trihydroxybenzene and cyanuric acid; triamines. such as diethylenetriamine; tricarboxylk: 
acids, such as cydohexanetricarboxylic ackJ or trimellitic add; and triisocyanates. such as 
benzene triisocyanate or cyanuric triisocyanate. 



Som examples of compounds of the formula I with a trivalent bridging group 
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^x^C:>--C(0)-0--CH 

^^^^ H,C-0-{0)C-7^^K> 




ClOj-O-HjC-C-CHs 
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Vr (20). 



V T (21). 
HN-(0)C-OHjC 




CH,0.(0)C- 



<i<0)-0HaC-^2::?<^ 



(22). 



Possible tetravalent bridging groups are. for example, those of the formula VII 

I 

I* 

I 



in which 

X, X. and X, are -C(O)0-. -CHrO(0)C- or -C(0)-NR„- and 
R,, is a teiravalent aliphatic hydrocarbon radical having 4 to 20. preferably 4 to 12. C atoms, 
a t travalent cydoaliphatic radical which has 4 to 8. preferably 5 or 6. ring C atom, and « 
unsubstituted or substitated by C,-C.alkyl or C,-C.alkoxy. or a tetravaler^t aromatn: rad«al 
which has 6 to 18. pref rably 6 to 12. C atoms and is unsubstituted or substituted by 
C,-C.alkyi or C,-C.alkoxy. a tetraval nt araliphatic radical which has 7 to 19. preferably 7 t 
1 2 C atoms and is unsubstituted or substituted by C,-C.a.kyl or C,-C.alkoxy. or a tetravatont 
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heteroaromalic radical which has 3 to 13 C atoms and 1 to three heteroatoms from the 
group consisting of -0-. -N- and -S- and is unsubstituted or substituted by C,-C,alkyl or 
CrC4alkoxy. and 
Rj, is H or C,-Cflalkyl. 

Some examples of tetrafunctional compounds from which Rj* can be derived are 
pentaerythritol. pyromellitic acid and 3.4.3'.4'^phenyltetracarboxyllc add. 

The same methods as for the preparation of the abovementioned compounds with a di- or 
trival nt radical can be used as the preparation methods. 

Som examples of compounds of the fonnula I with a tetravalent bridging group are 

CHO)C 



0-(0)C 



Polyols such as dipentaerythritol or hexahydroxyhexane. which can be reacted with 
corresponding cydoolefinmonocarboxylic adds can be mentioned as an example of 
compounds whid) are more than tetravalent and from whidi the bridging group can be 



derived. 



in a particulariy preferred embodiment of the invention, the compounds of the formula I 
contain only carbon and hydrogen atoms, since tn polymers of these are ecologK:ally 
valuable inasmudi as they can be recyded by simple pyrolysis processes. 

The compounds of th fom,ula I ar suitable as crosslinking agents in the themially inducmJ 
or radiation-induced polymerization of olefinically unsaturated compounds. The compounds 
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of the formula I. by themseJves or together wrth other monomers capable of metathesis 
polymen-ation. are outstandif>gly suitable for the preparation of crosslinked metathesis 
polymers ..ng thennal or photochemical one^omponent catalysts. 

The invention also relates to a composiUon of 

(a) at least one compound of the formula I 

(A)n-B t'^- 

in which A is the radicai of a sirained cydooiefin. 5 is a direct bond or an n-vaiem bridging 
group and n is an integer from 2 to 8. and 

(b) a catalytic amount of at least ooe one^ponent catalyst for metathesis polymeraabon 
which can be activated by heat or radiction. 

with the exception of norbomenecartxwylic add norbenenemethyl ester of the fomtula 



ir, combination with a catalytic amount of at least one heat-staWe molybdenum(VI) or 
tungsten(VI) compound which contains, bonded to the metal, at least two methyl groups or 
two monosubstituted methyl groups, the substituent containing no hydrogen atom « the a 

position. 

The abovementioned preferred meanings apply to A. B and n. 

Heat stability in the context of the invention means that the photocatalyticalty active metal 
compounds form no adive spedes for ring opening metathesis polymerization on heatng. 
For example, the catalyst cannot inKiate ring-opening metathesis polymerization at room 
temperature up to a slightly elevated temperature, sud, as about *40-C. within weete wrth 
exclusion of light. During this period only an insignificant amount of monomer (less than 
0 2 % by weight) is readed. The h at stability can be determined, for exampte. by stonng a 
toluene solution with 20 % by weight of monomer and 0.33 % by weight of 
50-C for 96 hours in the dark, and any amount of polymer fom,ed. whidi « vKient fnxn the 
rise in v.scos.ty and can be determined quantitatively by preapitation in a precprtant. for 
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example ethanol, filtration and drying, is not more than 0.5 % by weight and preferably not 
mor than 0.2% by weight. 

The compositions according to the invention advantageously comprise the foltowing new 
thermal and/or photochemical one^omponent catalysts: 

1. Heat-stable ruthenium or osmium compounds which can be activated oy radiation and 
contain at least one phololabile ligand bonded to the ruthenium or osmium atom, and whose 
remaining coordination sites are satisfied by non-photolabile ligands. 

Organic or inorganic compounds, atoms or ions which are coordinated onto a metal centre 
are designated as ligands for the ruthenium and osmium compounds to be used according 
to the invention. 

Photolabile ligand in the context of the present invention means that, when the catalyst is 
irradiated by light in the visible or ultraviolet range of the spectrum, the ligand is dissodaled 
from the catalyst and a catalyticaBy active species for the metathesis polymerization is 
formed. Nonionic photolabile ligands are preferred according to the im/ention. 

The photolabile ligands can be. for example, nitrogen (N,). monocyclic, pdycydic or lUsed 
arenes which have 6 to 24. preferably 6 to 18. and particularly pref^Wy 6 to 12 C atoms 
and are unsubstituted or substituted by OH. C,-C.alkyl. C-C^alkoxy. CVC^^ryl or halogen. 
0^ monocyclic hetaroarenes. fused heteroarenes or fused arene-heteroarenee which have 3 
to 22 preferably 4 to 16. and in particular 4 to 10 C atoms and 1 to 3 heteroatoms chosen 
from the group consisting of O. S and N and are unsubstituted or substituted by C,-C4alliyl. 
C,-C,alkoxy or halogen: or aliphatic, cydoaliphatic. aromatic or araliphabc nitrites whK:h 
have 1 to 22 preferably 1 to 18. particularly preferably 1 to 12. and especially preferably 1 to 
7 C atoms and are unsubstituted or substituted by C-C^alkyl. C,-C«alkoxy or hatogen. The 
preferred substituents are methyl, ethyl, methoxy. ethoxy. fluorine, chlorine and bromine. 
The arenes and heteroarenes are preferably substHuted by one or two radicals and 
particulariy preferably are unsubstituted. Preferred heteroaren s are the etectron-nch 
h teroarenes. The arenes and heteroarenes can be both n- and o-bonded: in the latter 
case they are then the corresponding aryl and heteroaryl radicals. The aryl pref raWy 
contains 6 to 18. particulariy preferably 6 to 12 C atoms. The h teroaryl preferably contains 
4 to 16 C atoms. 
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Some examples of arenes and heteroarenes are benzene, p-cumene. biphenyl. 
naphthalene, anthracene, acenaphthene. fluorene. phenanthrene. pyrene. chrysene. 
fluoranthrene. furan. thiophene. pyrrole, pyridine, y-pyran. r>thiopyran. pyrirnkJine. pyraztne. 
indole, coumarone. thionaphthene. carbarole. dibenzofuran. dibenzothiophene. pyrazde. 
imidazole, benzimidazote. oxazole. thiazole. isoxazole. isothiazole. quindine. isoquinoUne. 
acridine. chromene, phenazine. phenoxazine. phenothiazine. triaztne. thianthrene and 
purine. Preferred arenes and heteroarenes are benzene, naphthalene, thiophene and 
benzothiophene. The arena is especially preferably benzene, and the heteroarene is 
eSpcCiaSiy pfeferabiy ihiophene. 

The nitrites can be substttuted. for example by methoxy. ethoxy. fluorine of chlorine: the 
nitrites are preferably unsubstituled. The alkylnitrites are prefBrably linear. Some examples of 
nitriles are acetonitrite, propjoniWe. butyronitrite. pentylnitrile. hexyWIrile. cydopentyf- and 
cydohexylnilriie. benzonitrito, methylbenzonarite. benzylnitrite and naphthytrtitrile. The n^riies 
ar preferably linear Ci-C4alkyin*t"'e« benzonitrite. Of the dkytnitriles. acetorvtrile is 
particuiariy prefened. 

In a preferred subgroup, the photolabite ligands are Nj. or benzene, thiophene. benzonitrite 
or acetonitrite which are unsubstituted or substituted by one to three Ci-C4alkyl- 

Non-photolabite Dgand (also calted highly coordinating ligand) In the context of the present 
invention means that the ligand does not dissodate. or dissodates to only an insignificant 
extent, from the catalyst on irradiation of the catalyst in the visibte or near ultraviotet range of 
th spedrum. 

The non-photolabile ligands can be. for example, solvating inorganic and organic 
compounds whid> contain the heteroatoms O. S or N and are often also used as solvents, or 
cydopentadtenyl or indenyl which are unsubstituted or substituted by C,-C4aHcyl. 
C,-C4alkoxy. (C,-C4alkyl)3Si or (C,-C4alkyl)3Sia. Examptes of such compounds are H^O. 
H2S. NH3; optionally halogenated. in partiojlar fluorinated or chtorinated. aliphatic or 
cydoaliphatic alcohols or mercaptans having 1 to 18. preferably 1 to 12. and particularty 
preferably 1 1 6 C atoms, ar matic alcoh is or thiols having 6 to 18. pref rably 6 to 12 C 
atoms, araliphatic alcoh Is or thiols having 7 to 18. preferably 7 to 12 C at ms; aliphatic, 
cydoaliphatic. araliphatic or aromatic ethers, thioethers. sulfoxides, sulfones. ketones, 
aldehydes. cart)oxylic add esters, '.adones. opti nally N-C,-C«mcno- or -dialkylated 
carboxylic add amides having 2 to 20. pr f raWy 2 to 12. and in particular 2 to 6 C atoms. 
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and optionally N-CrC4alkylated lactams: aliphatic, cydoaliphatic. araliphatic or aromatic 
primary, secondary and tertiary amines having 1 to 20. preferably 1 to 12. and particularly 
preferably 1 to 6 C atoms; and optionally cydopentadienyls. such as. for example, 
cyclopentadienyl. indenyl and mono- or polymethylated or trimethylsilylated 
cydopentadienyls or indenyls. 

Examples of such non-photolabile ligands are methanol, ethanol. n- and hpropand. n-. k and 
t-butanol. 1.1.1-lrifluoroethanol. bislrifluofomethylmethancl. Iristrifluoromethylmethanol. 
pentanoL hexanol. methyi- or ethylmercaptan. cydopentanol= cydohexanol, 
cydohexylmercaptan. phenol, methylphsno!. fSuoropheno!. phenylroercaptan. 
benzylmercaptan. benzyl alcohol, diethyl ether, dimethyl ether, diisopropyl ether, dwv or dM- 
butyl ether, tetrahydroluran. tetrahydropyran. dioxane. diethyl thioether. tetrahydrothiophene. 
dimethyl sulfoxide, diethyl sulfoxide, tetia- and pentamethylene sulfoxide, dimethyl sulfbne. 
diethyl sulfone. tetra- and pentamethylene sulfbne. acetone, methyl ethyl ketone, diethyl 
ketone, phenyl methyl ketone, methyl isobutyl ketone, benzyl methyl ketone. acelaWehyde. 
propionaldehyde. trifluoroacetaWehyde. benzakJehyde. ethyl acetate, bulyrolactooe. 
dimethylformamkJe. dimethylacetamkJe. pyirolktone and N-methylpyrrolkJone. indenyl. 
cydopentadienyl. methyl- or dimethyl- or pentamethylcydopentadienyl and 
trimcthylsilylcydopentadlenyl. 

The primary amines can correspond to the Itormula R25NH2. the secondary amaies can 
correspond to the fbmiula RasR^NH and the tertiary amines can correspond to the formula 
Rj5RjeR„N in whkrfi R25 is C,-C,aalkyl. Cr or Ccydoalkyl whidi is unsubstihited or 
substituted by C,-C4alkyl or C,-C4alkoxy. or (VC,earyl or Cr-C^iaralkyl whid» are 
unsubstituted or substituted by C,-C4alkyl or C,-C4alkoxy. R,, independently has the 
meaning of R,,. or R„ and R„ together are tetramethylene. pentamethylene. 3-oxa-1.5. 
pentylene or -CHrCHrNH-CH,-CHr or -CHrCHrN(CrC4alkyl).CHrCHr. R25 ^ 
independently of one another are as defined above [sic] and R27 independently has the 
meaning of R^,. The alkyi preferably contains 1 to 12, and particularly preferably 1 to 6 C 
ptoms. The aryl preferably contains 6 to 12 C atoms and the aralkyi preferably contains 7 to 
9 C atoms. Examples of amines ar methyl-, dim thyl-. trimethyl-. thyl-. diethyK triethyl-. 
m Ihyl-ethyl-. dimethyl-ethyl-, n-propyl-. di-n-propyl-. tri-n-butyl-. cydoh xyk phenyl- and 
benzylamine. and pyrr lidine, N-methylpyrrolidine. piperidin . piperazine. morpholine and N- 
methylmorpholine. 
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In a preferred subgroup, the non-photolabile ligands are H2O. NH, and C,-C4all(anols which 
are unsubsWuted or partly or completely fluorinated. HjO. NH3. cyciopentadienyl. methanol 
and ethanol are especially preferred. 

The ruthenium and osmium compounds to be used according to the invention can be mono- 
or polynuclear. for example those with two or metal centres. The metal atoms here can be 
bonded via a bridging group or metal-metal bonds. Preferred compounds with several metal 
centres are those of the formula VIII 

® 

\© (vm). 




in which Lig is a photdabile Sgand and Me Is Ru or Os. A9. A,o and A^, are a bivalent 

bridging group, and Y® is a morwvalent non-coordinating anion. The bridging group is 
preferably ionic and pailicularty preferably a halide. especially preferably chloride, bromide 

or iodide. The photolabile ligand is preferably identical or different arenes and Y® can be the 
anions listed below, and especially chloride, bromide or iodide. One example of such 
complexes is [C«HeRu(a)3RuC6Hs}CI. 

-Preferred catalysts according to the invention coffespond to the formula IX 

in which 

Me is ruthenium or osmium; 
n isO, 1,2. 3, 4. 5. 6. 7 or 8; 
Li is a photolabile ligand: 

L2. L3. L3 and Le independently of ne another are a non-photolabite or a photolabile 

ligand: 

m is 1. 2. 3. 4. 5. or 6; 

o, p. q. r. and s independently of on another are 0. 1. 2. 3. 4 or 5: 

z,. 22. Z3. ^4. Z5. 2« and zy independently of one another are -4. -3, -2, -1. 0. -•^I or *2: and 

L7 is a non-coordinating cation or anion; 
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the sum of m o + p * q * r -»• s being an integer from 2 to 6 and t being the quotient of (n ♦ 

fTT2i+0*Z2 + P»Z3 + q*Z4*r«Z5-^S« ZeVZr. 

In the fonnula IX. L7 is preferably halogen (for example CI. Br and I), the anion of an oxygen 
acid. 8F4. PFe. SiFa or AsFg. 

The anions of oxygen acids can be. for example, sulfate, phosphate, perchtorate. 
perbromate. periodate. anthnonate. arsenate. niUate. carbonate, the anion of a d- 
Cecarboxylic add. such as. for example, fomiate. acetate, propionate, butyrate. benzoate. 
phenylacetate or mono-, di- or trichloro- or -fluoroacetate, sulfonates, such as. for example, 
nethylsulfonate. ethylsulfonate. propyteulfonate. butylsutfonate. trifluoromethyteulfbnata 
(triflate) or phenylsulfonate or benzylsulfonate which are optionally substituted by Ci.C4allcyJ. 
C,-C4alkoxy or fialogen. in paiticutar fluorine, chlorine or bromine, such as. for example, 
tosylate. mesylate, brosylate. p-methoxy- or p-ethoxyphenylsuWbnate. 
pentafluorophenylsulfonate or 2.4.6-triisopropytsulfonate. and phosphonales. such as. for 
example, methylphosphonate. ethylphosphonate. propylphosphonate. butylphosphonate. 
phenylphosphonate. p-methylphenylphosphonate or benrylphosphonate. 

in fomiula IX. Me is preferably nithenium. in particular Ru**. 

A group of compounds of the formula IX which is to be singled out in particular is that In 
which the ligands L,. Lj. L,. U L, and L, independently of one another are aliphatic, 
cydoaliphatic. aromatic or araliphatic nitrites which have 1 to 22 C atoms and are 
unsubstituted or substituted by C,.C4alkyl. C-C^alkoxy or halogen, or C<,-C,«aryl: or L,. Lj 
and L3 together are monocydic. polycydic or fused arenes which have 6 to 24. preferably 6 
to 18. and particularly preferably 6 to 12 C atoms and are unsubstituted or substituted by 
-OH. C,-C4alkyl. C,-C4alkoxy. CB-Cjaryl or halogen, or monocydic heteroarenes. fused 
heteroarenes or fused arene-heteroarenes whid. have 4 to 22 C atoms and 1 to 3 
heteroatoms diosen from the group consisting of O. S and N and are unsubstituted or 
substituted by -OH. C-C.alkyl. C,-C4alkoxy or halogen, and U. L5 and U together have the 
same meaning, or individually independently of one another are or the said nitrite or the 
said Ce-Ciaa^' 

A preferred subgroup of th above compounds of the formula IX are those in wh.di the 
ligands L, Lj. Lj. U. U and U independently of one another are Nj. C-Cjoalkylnrtrite. 
Ce-C,,arylnitrile. C.-C,.aralkylnitrite or Ce-C„aryl. or L,. L, and L3 in ead, case together are 
the groups At or Aj 
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in which 

Rja R29. R30. Rji. Raa. R33. R3*. Rj5. R36 and R,7 independently of one another are 
hydrogen. C,-C^lkyl. C,-C«,alkoxy. aryl or SiR«R~R«. where, in th* grcups A, and A,, an 
aromatic or heteroaromatie hng. the heteroatofns of wft«h ars c^^^ sunur 
and nitrogen, can be fused onto adjacent cartoon atoms: and R„. Rm arKi R40 independerrtly 
of one another are C-Caalkyl. Cr or C-cydoalkyl. or phenyl or bertzyl which are 
unsubstituted or substituted by C-C^allcyl or C,-CealHoxy. preferably C,-C,allcyl, phenyl or 
benzyl particularly preferably CrC4allcyl. phenyl or benzyl, and U. L5 and U likewise 
together have this meaning, or each indivkJually are N,. the said nitrites or the said CV 
C,2aryl. or an arene or heteroarene. 

From this group of compounds of the formula IX which are to be singled out. preferred 
compounds are those in which 

L, Lj Lj U U and U independently of one another are C-Cjadcylnitrite or (V 
Carylnitrile. or L,. L, and L, in each case together are the groups A, or A, and U. U and 
U likewise together have this meaning or in each case indivkJually are N,. the sa«J nrtnles or 
the sakJ arene or heteroarene of the formulae A, and A,, in which R,,. R„. R». Rai. R3>. 
R33 R34 R35 R35 and R37 independently of one another are hydrogen. C,-C,alkyl.C,- 
Calkoxy. SiR„R«R^ or phenyl, where, in the groups A, and A,, a benzene ring can be 
fused onto adjacent carbon atoms, and R,.. R„ and R.o are methyl, ethyl or phenyl 

in an especally preferred embodiment of the process according to the .nventk,n. the catalyst 
used corresponds to the fonnula IX in which 

L L, L3 U L, and U independently of one another are methylnitnle. ethylnitnle or 
phenyln.trile. or L,. L, and L3 in each case together are the groups A, or A, and U. U and U 
likewise togeth r have this meaning or ,n ach case .nd,v.dually are th sa.d mtnles. 
in V .ch R,a. R.,. R30. R3.. R3,. R33. R3-. R3S. and R3. mdependenfy of on another a,, 
hydrogen, methyl, methoxy or phenyl where, in the groups A, and A. a benzene nng can be 
fused onto adjacent carbon atoms. 
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Another particularly preferred subgroup of the compounds of the formula IX are those in 
which L,. L2 and Lj together are monocyclic, polycyclic or fused arenes which have 6 to 24. 
preferably 6 to 18. and particularly preferably 6 to 12 C atoms and are unsubstituted or 
substituted by C,-C4alkyl. Ci-C4alkoxy. Co-Cijaryl or halogen, or monocydic heteroarenes. 
fused heteroarenes or fused arene-heteroarenes which have 4 to 22. preferably 4 to 16. and 
particularly 4 to 10 C atoms and 1 to 3 heteroatoms chosen from the group consisting of O. 
S and N and are unsubstituted or substituted by C,-C4alkyl. C,-C4alkoxy or harogen, and U. 
Ls and U are a non-photolabile ligand. the previous preferred meanings also applying here. 

In this subgroup. L,. L? and L, are preferably benzene or naphthalene, and the non- 
photolabile ligand is preferably HjO. NH3. Ct-C«alkanol or -alkanethiol which is unsubstituted 
or substituted by fluorine. aBphatk; ethers, thioethers. sulfoxkies and suifones having 2 to 8 
C atoms. dimethytformamkJe or N-methylpyrroiklone. 

In another preferred subgroup of compounds of the formula X. the compounds are 
ruthenium and osmium compounds of the formula X 



lL,Me)La)5j^i"%. W 

in which L, is a photolabile ligand and L« is a non-photolabile ligand. Me is Ru or Os. Y, is a 
non-coordinating anion and x is the numbers 1 . 2 or 3. For the photolabile figands. non- 
photolabile ligands. Me and Y,. the abovementioned preferred meanings apply. Particulaffy 
preferably. L, is N, or a nitrite, such as. for example. C,-C4alkylnitrile (acetonitrile). 
benzonitrile or benzylnitrite. L, is NH3 or an amine having 1 to 12 C atoms. Y, is a non- 
coordinating anion and x is the numl)er 1 or 2. 

Catalysts which are particularly suitable for the present invention are (tos is tosylate and tis 
is 2.4.6-triisopfopylphenylsulfonate): Ru(CH3CN)«(los)2. RuCCHjCHjCH^aos),. 
RuvCH3CN)6(CF3S03)2. Ru(CHjCH2CN)e(CF3SOj)2. Ru(CeH8)2(tos)2. 
|Ru(C«H6)(C«H50CH3))(BF4)2. (Ru(CeH6)(CeH5i-propyl)){BF4)2, (Ru(C«Ka)( 1.3.5- 
tnm thylph noDKBF*),. |Ru(CeHe)(hexamelhylbenzene)KBF4)2. (RulCeHfljCbiphenyDKBF,),. 
[Ru(C6H6)(chrysene)l{BF4)2. (Ru(C6H,)(naphthalene)KBF4)2. (Ru(cyciopentadienyl)(4- 
methylcumyl)]PF6. (Ru(cyan phenyl)6)(tos)2. (Ru(cyanoph nyl)6)(CF3S03)2. 
(Ru(C6H6)(letramethylthiophene)3]aos)2. (Ru(C«H«)(CH3CN)3l(tos)2. 
[Ru(C6H6)(tetramethylthiophene)3l(CF3S03)2. (Ru(C,H8)(CH3CN)3l(CF3SOj)2. 
(Ru(CeH6)(CH,OH)3l(tos)2. (Ru(C,H,)(CH30H),J(tis)2. |Os(NH,)5N2)(PF8)j. 
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(Ru(NH3)5N2]{PFe)2. [Ru(NH3)s{CH3CN)lBF4. IRu(C,He(NH3)a](ti8)j. 
(Ru(C«H6(tetrahydrothiophene)3j(CF3S03)2.[Ru((CH3)2S)3CeHe](to»)2. tRu(d:methyl 
sulfoxide)3C6HJ(PFe)2. (Ru(dimethy>forniamide)3C8HJ(PFey2. (Ru(C»H«)Cy2 and 

(Os(CflH6)Cl2]2. 

Ruthenium and osmium catalysts to toe used according to the invention are either knowm and 
in some cases commercially obtainable, or can be prepared analogously to knovwi 
processes. Such catalysts and their preparation are described, for example, in Gilkersoo. 
W R.. Jackson. M.D.. J. Am. Chem. Soc. 101:4096-411 (1979). Bennett. MA. Matheson. 
T.W.. J. Organomet. Chem. 175:87-93 (1979). Moorehouse. S.. Wilkinson. G.. J. Chem. 
Soc.; Dalton Trans . 2187-2190 (1974) and Luo. S.. Rauchfuss. T.B.. Wilson. S R., J. Am. 
Chem. Soc. 114:8515-8520(1992). 

2. Heat-stable molybdenum(VI) or tung8ten(VI) compounds which can be activated thennaly 
or with radiation and contain, bonded to the metal, at least two methyl groups or two 
monosubstitutcd methyl groups, the substitucnt containing no hydrogen atom in the a 

position. 

Th other valencies of the molybdenum and tungsten are preferably satisfied by heal-stable 
n uual ligands. a large number of which aro known. The number of neutral ligands can 
exceed the stoichiometrically possible number (solvates). Heat stability has been explained 
above. At temperatures above 50*C. for example 60 to 300*C. these molybdenum and 
tungsten compounds can also be activated thennally. 

The molybdenum and tungsten compounds to be used according to the invention can be 
those vtrtiich contain one metal atom, or two metal atoms which are bonded via a single, 
double or tripte bond. The methyl group or monosubstituted methyl group which is bonded to 
the metal is bonded at least twice, particularly preferably two to six times, and espedaHy 
preferably two to four times, as a ligand. The other valencies of the molybdenum and 
tungsten are preferably satisfied by heat-stable neutral ligands. the definition of heat stability 
having been given above. This ligand pr ferably corresponds to the formula XI 



-CHj-R 



(XI). 
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in which R is H. -CF3. -SiR3,R38R40. -CR4,R42R43. C«-C,earyl which is unsubstituted or 
substituted by C-Cealkyl or C-Cealkoxy or C4-Ci5heteroaryl having 1 to 3 heteroatoms from 
the group consisting of O. S and N: and 

R4,. and R43 independently of one another are Ci-C,oallcyl. which is unsubstituted or 
substituted by C,.C,oaikoxy. or R41 and R4a have this meaning and is CrC,oaiyl or 
C4-C»heteroaryl. which is unsubstituted or substituted by C,-Cealkyl or C-Cealkoxy; and 
Rsa. R39 and R<o have the abovementioned meanings. 

Aikyi Rja io Ro can be Bncar of bf indwu anu can pfoferaWy eontain 1 io 8 and pariiwuiany 
preferably 1 to 4 C atoms. Aryl Rm to R43 » preferably phenyl or naptthyl. 

Aryl R in formula XI is preferably phenyl or napMhyl. 

Heteroaryl R in formula XI is preferably pyridinyl. fiiranyl. thiophenyl or pyrrolyl. 

Preferred substituents for Rjs to R43 in the context of the definitions are methyl, ethyl, 
methoxy and ethoxy. Examples of the radicals Rgs to R43 have been given above under the 
compounds of the formula I. 

in a preferred embodiment the group R in formula XI is H. -CCCHah. -CCCHafeCeH,. phenyl 
which is unsubstituted or substituted by methyl, ethyl, methoxy or ethoxy. -CF, or -SKCH,),. 

The other valencies of the Mo(VI) and W(VI) atoms are optionally satisfied with identical or 
different ligands from the group consisting of =0. =N-R44. secondary amines having 2 to 18 
C atoms. R45O-. R45S-. halogen. optionaBy sub? lituted cyctopentadienyl. bridged 
biscydopentadienyl. tridentate monoanionic ligands and neutral ligands. such as. for 
example, ethers, nitrites. CO and tertiary phosphines and amines, in which the R45 
Independently of one another are linear or branched C,-C,sailcyl which is unsubstituted or 
substituted by Ci-Caikoxy or halogen. C5- or CecycloalkyI which is unsubstituted or 
substituted by CrC»alkyl. C,-C,atkoxy or halogen, phenyl which is unsubstrtuted or 
substrtuted by C,-C.alkyi. C-Cealkoxy. C,-CalKoxy methyl. C,-C.alkoxyethyl or halogen, or 
benzyl or phenytethyl which are unsubstituted or substKuted by C-Qalkyl. C,-C,alkoxy. C,- 
Cealkoxymethyt. C,-Calkoxy thy! or halogen: and Rm « linear or branched C-Calkyl 
which is unsubstituted or substituted by C,.C»alkoxy. C,- r C,cydoalkyl which is 
unsubstituted or substituted by CrC.alkyl. C,-Cealkoxy or halogen, phenyl which is 
unsubstituted or substituted by C,-Ca!kyl. C,-C,alkoxy. C,-C,alkoxym thyl. C- 



-28- 



Cealkoxyethyl. di(C,-C,alkyl)amino. di(C.Calkyl)3mino-C,-C,alRyl or halogen, or benzy. or 
phenylelhyl which are unsubstituted or substitued by C,-C«alkyl. C,-C«alkoxy. 
C-Cflalkoxymethyl. Ci-C«alkoxyethyl or halogen. 

secondary amines are preferabty tho« of the fonnula R^R.,N.. in which ^J^^^ 
independently of one another are linear or branched C-Calkyl: C,- or CeCydoalRyl; benzyl 
or phonylethyl which are unsubstituted or substituted by C.-Cealkoxy or halogen, or 
(C,-Cealkyl)3Si: or and R*. together are tetramethylene. pentamethylene <\ 

^^'^ y » • ^ 1 to 12. and particularty priM^rahiy i to 

3-oxapeniane-l .3^iy!. The a»^v h*"""— i " " / 

6 C atoms. Some examples are dimethyl, diethyl-. dl-n-propyK dl^epy.. <^h^. 
methyl^thyK dibenzyK benzyl-methyl-, diphenyl- and phenylHnethylam.no and 
di(trimethyl8ilyl)amino. 

Halosen 3S a Sgand or a sutati«»nt >. pnrfWb^, F Of CI aiHi parties 
T,H,c,otopontadl«.,1o«,b.una«brth,«dor«*»tlh*«^ 

L i„parteular.lho«ofth«lbnm.laR,rA^in«*«''**'=l«**^^ 

lsicl.^partieular-a(CH^andAi.-CHr,-CH^Hr.-SKCHdr. -SKCHJrWCHdr « 

-Si(CH3)2-0-Si(CH3)r 

5 0, 6 nog Son,. «an,p.« .™ dtetW •««. ""^ «h«. *^ *■ 

n^«,p,l ether. di4i»owl «her. *n*utyl «l»r. ethylen. 9^"! din«hyl «h«. 

tetrahydroforan [sic) and dioxane. 

«les a, neu.^1 .93"* can b. aliphaUc o, a^m-fo ™tn«, ha«n« 1 to 12, p«f«b^ , .o 
8 C atoms, some example, a™ aoetooithl.. pro,»onitr»., butylnltnte. benzonnm. and 

benzylnitrile. 

Te«l3,V amines and p.K«p.ln.s as n u..l »««,d, can be 'J^J;^ ' 

«, ,8 C atoms, some example, are tnm thylamine and .phosph,n . tn th^am»» and 
ohosphln ln.ni.ropylamine and -phosphine. tri-n^utylamlne and -ph VX-^. 
;Xamine a,^ Zsp^ne. trl=,doh.x„amin and -pnoapbine. pb.n,«.ne«,,.am« 
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and .phosphir>e. benzyWimethylamine and -phosphine and a.Mimethylphenyl- 
dimethylairine and -phosphine. 

The tridentate monoanionic ligands can be. for example. hydro(trispyra2ol-1-yl)borates or 

aikYKtrispyrazoH-yDborates. which are unsubstituted or substituted by one to three 

C,-C4alkyl [cf. Troflmenko. S.. Chem. Rev.. 93:943-980 (1993)1. or 

IC.(R ,)Co(R«,R5,P=0)3l® in which R' is H or methyl and R^, and R„ independently^ one 

another are C-C^alkyl. C-C^alkoxy or phenyl (cf. KlSui. W.. Angew. Chem. 102:661-«70 

(1990)1. 

Halogen as a substttuent for the radicals R44 and R4, Is preferably fluorine, and partnUaily 
preferably chlorine. The substituents allcyl. alkoxy or aHcoxy in alkoxymethyl or ^ 
preferably contain 1 to 4. and part" cular 1 or 2 C atoms. Examples are ^^J\ 
and i-propyl. n-. i- and t-butyl. methoxy. ethoxy. n- and i^xopytoxy and n-. h and t-bulytexy. 

Alkyi R^ and R45 preferably contain 1 to 12. particulariy preferably 1 to 8. and especially 
preferably 1 to 4 C atoms. Alkyl is preferably branched alkyl. Some examples of R^are 
methoxy. ethoxy. n- and H>ropytoxy. n-. i- and t-butyloxy. hexafluoro4^xopytoxy »id hexa- 
and perfluorobutyloxy. 

Some examptes of substituted phenyl and benzyl R44 and R45 are 
- [Sid p.1luoro-or»H:hkKophenylor^nzyl.p-ethylphenylor-benryl.,Mi-orhpro^ 

or -benzyl, p+butylphenyl or -benzyl. 3^nethyl-phenyl or -benzyl. 34-propylphenyl or 
-benzyl. 2.«imethylphenyl or -benzyl, 2.6-diH-propylphenyl or -benzyl. ^-^^2''' 
butylphenyl and -benzyl. R^a is particularty preferably phenyl whk:h Is unsubstrtufed or 
substituted by C,-C4alkyl or Ci-C4alkoxy. 

in a preferred embodiment, the molybdenum and tungsten compounds correspond, in 
partk:ular, to one of the fomnulae XII to Xllc 
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in which 

XI in which R has the abovementioned meanings; 

in each case two of the other radicals of R« to R« are =0 or =N-R^. and R^ has the 
alwvementioned meanings: and/or 

,h other r«iicab *«n R„ to « -condanf anMno iKmng 2 to 18 C ato™. R«0. or 

R„S-, halosen. e,dop.nt««««.orlxid8«i b*,ck,|«««^ 

rT, l,as th. abo«»nenti«»d m.«,in9.. Th. P.^ mwnina. *«n 

radicate R and Ras te Ris- 

,„ , p^^culart, P«.an«. «"bo*n»nt n».y«««« an- tu^ 

torn-ul. XII whicl. «. u»d in th. eomportion .«««««« to 
a)RatoR„ar«anKlle«lottll»IWinul»XI-CHrR.or 

b a«. R. ar. a r«.^ .. th. tbnn^ X. R> «- R- to*-^ 

=r^R«. and R„ and R„ tOBrth* of »» anolhar ar. 

c).^«KlR«t08.tl«»-R»a«dR»t09«.««.th.r»lic.l=N^andR„and 

are a radical ofthatoraHila XI -CHrR ,_.«^.«*,t«R 

>rt»re R. R- and R« ha« th. abo« n«anln9.. Th. alK«r. p»l*.«J n»a«^ 

R44 and R45- 

Particularly preferred compo«r>ds of the fom,ula X..c are those -^^^ 
- a radical of the fbmiula XI. the radical of the fomiula XI partM:ularty preferably bemg 

-CH2-Si(C,-C4alkyl)3 

Molybdenun, or »».9s.en con.pcund, which are especia^ pr^«a«, ^ 
conpo^itlon accoollng to th. invention are th«» of the tennulae XIII. XIII. or Xlllt. 
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CH2-R 



Ro-N= 



:Me 



(3aiU). 



C«rR 




cxmb). 



in which 

MeisMo(VI)orW(VI). 

R is H. -CCCHa),. ^(CH,)rC«H5. -C.H5 or -Si(Ci-C4ancyl),. 

R„ is phenyl or phenyl whk* IS substituted by 1 to 3 C,-C.allcyl or C,^^^ 

R„ « linear or branched C,-C,alkoxy which is unsubstituted or 
r" has the same meaning as R„ or is F. CI or Br. R« is particulaHy P^^^^^^^ 
alkoxy. which « optionally partly or completely substituted by F. for •^'"P'^;;^^^ 
i- and t-butyloxy. hexafluoropopyloxy Isicl and nonafluoropropyloxy. R54 » P«fe«bly CI. 

some examples of molybdenum and tungsten compounds are: 
W(=N-CeH,)(OC(CH3)3)(Cl)l(CH^I(CH,),)bJ(CH3),SiCHd,Mo.Mo(CH^^^^^ 

W(=N-C.H5)(OC(CF3)2CH3)J(CH^I{CH3),)h.W(=NC.H5)ICH,Si(CH,)3j3CI. 

Mo(=N-2.WimethylCeH5W(CH,.C.H,)h.VVl2.6-(CH3)AH3Nb(CHrCeH5h^ 

Mo(=N-2.6-diisopropylC«H3)2l(CHrC«H8)li. 
Mo(=N-2.6-diisopropylC,H3)2((CH2C{CH3)rC6H5)l2and 

Mo(=N-2.6-dim thylC6H3)2(CH3)2(tetrahydrofuran) 



The molybdenum and tungsten catalysts to be used according to the inv ntion or 
Ln ^prepared by ..own and analogous processes start^g from the metal halK.es by 
Z^s of G^nard reactions Isee. for exam^ . Hup. F.. Mowat. W.. Shor^and. A.. SKapsK.. 
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A C. WIKinson. G.. J Chem. Sec. Chem. Commun. ,07^.080 (1971, , 

J S., Baian. G.C. Robbin.. J.. KMar., M.. 0'R«ar. M.. J. An.. Cl-m. Soc.. 
112.3876-3886(1990)1. 

3 Heal-stabl. «a™,m(IV), nioWun.(V). UnUlu-n(V). '™^"'^<^'"';Tt^ 
compounds in ^ a silylmrth,! group and at on. halo,*. «. bound to Ih. ™«. 
These on«on.ponent catalysts are particulari, photoeatal,lica«y adwe. 

The .«»nium(IVO.niobiu™.(V)and.antak.mMconpound,tob^^^ 
i„«„ttona,e«H««hich contain on.n».a.at«n.Th.n«**d«^^^ 

compounds to b, MMd <^ i--^^*" 

..om. or metal ato™ «. vta a .in,^. doub^. 

,alendesof.he«tanium.nloe*»..««alum.nK*bden^ 

^.Th.hal.,«.bound.o«-m«--oml.^b^F,a*«M^^ 
CI and Br. and partcularty prehrabl, F 0, a The .llVlm-lnr. P"^ 
to the formula XIV 

-CHrSlR3aR39R40 

" be,:,, «h«. ar. un«*»t».t«i « «.b-«u.«- b, C.^»<». .r C..^^ 
" AIM R» to R« can b. linear or br»Kh«»««< can pretwably contain 110 12.^1^ 

preferred alkyl. 

P,.,e,T«lsub«itue«t.lorpheny. and t«nzylR»toR«in«» cent.- ofth. definition. 

methyl, ethyl, methoxy and ethoxy. 

,„ a pre.«r«. .mb«.im««. R» to in .h. ,roup o. the .onnu^ X^/ ar. C.^.-K,. phen,. 

r benzyl. 

Somee^mp. sotthosroupotth 
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Si(CH,h(CH,).-CHrSKCHJJC(CH,faCH(CHJJ.-CH,-Si(CHJ^rvC,^,J. -CHr 
SKCHJXn-CH,,). ^H^KCHd. .CHrSi(CHr<V.,),. -CH^K^HJiCH.), «xi -CH, 
Si(CH,-C,H J(CHO,. -CHrSKCH,), is •apacially pfefwred. 

The olher vai«i«s ol »» T,(IV). Nb<V). T.(V). Mo(VI) and W(V1) atom, am optionally 
,a«s««l b, id««eal 0, dl«*r«.l n««al llg»x«. tor »»mpl. ~I«*HI ft^^ 
consisting of -O. =N-R«. .««nd«, anin.. hwing 2 to 18 C atoms. R„0.. R«S.. t»los«^, 
TptlonaH, substitut*. cyclop«*ad.«iyl bndg*. l-^^nOdien,.. tndanlato m»»»««.c 

r™«l, and neutnil li9««*. «»«^- "^^"^ 

ph..pnin«,ndamin.s>«t*h.l»R«ind.p«-««hr«(on.«»^ 

^^Ko,,..h,iorhaU,.«^o^b-«,.o,p^«.y..««.--*«""^^ 

„L or b«nch«l C-C,^ ^ i. » 'I'^'tZ^ 

C^doalRyl t*h I. un«,bs«tut«l o, sub«ilu«d b, C-C^M. C.-C.IKOW or t-kww. 

ri^«,-N. d«C,<:.-M«^.^CrC.aM.«*-C^«^^ 

C.^Kox,L*C..C.a*oxy«M-H-09».«imth.p«»^ 
titanium compounds, the Hgand is not -O or =N-R«. 

The meanings P«te.r«. m««i-«. of R„ and R«. 01 s«»od»jr|^ 

further ligand on the metal atoms or as a sub«i.u««. of .yc».P«««««yl "^'^ 

C^,^ ab^L. The m«i.*^ and prefsned mear^ns. of a*y.. -*o,y or all««, as 
a substltuent in alkoxymethyl or -rthyl have Uk«ns. be»i given abo«. 

,„ a pmferred embodiment, the m«al compound, conespond. in partiou,*. to th. f«mu« 

XV. XVaorXVb 



\ 
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(XV). 




in which 

MeiisMo(VI)orW(Vl): 

Me,i8Nb(V)orTa^; ^ ^ _ of the fbrrnula XIV; 

one of the radicals R«9 to R74 » a radical -CHr5iR3««39r^ 

-M-R and is linear or t)ranched Ci-Ciea«Kyi 

CaalkyOamino. di(C,-C6a''«y'>a"""°^^^^ ' *,i,«v>/mj.thwl 

unsul»lltutedorsubst«utedbyC,-C^»cyl.C,-C.a«oxy 

C.a*ox,.lM. di(C,4:;.«1cyOamino. di(C,-C.alky«.m,™>C,-C..«.yl or 09* 
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substituted cydopentad«ny» or bodged J unaubstituted 

substitute, b, ^<^f^J^ c.<.*=.»n«th,«. C-C-Koxy-^A '^■O^ 

^ ahova aoDiv to the radicals R«9 to Rn- 
The preferred meanings given above apw 

R^.orR„andRnto9«i>w<i"' FL.-0- or halogen, or 

. «»U«a«unsubstl.ut«lo,«**.«t«.cydo^«-«^^^ ,^ r„ i. „n»bs.«u.«. or 

:rr,xtrr;::-or,ub,....c,c.p.n.-^^^^ 

substituted cck)pentadien,l. R«-0- o- halog«v ^ 
.^ere R» to R« have the above meanings. The above i« 

Rm. R40. R- a"*" 

„..,.co.poun.s-hlchar. spec^l^P^e.^^^ 
invention are thos ofth fom^ulae XVI. XVIa. XVIb. XV 
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^74 



73 



R74 



CHrR75 



Me}=NRo 



(XVI). 



^7J 



a-"73 



^73 



CBrRr 



^71 



CH2-R 



IS 



(XVWX 



in which 

Me, isMo(Vl)orW(VI); 
MejisNbO/) orTa(V): 
R„ is -Si(C,-C4alkyl)3; 
Z is CI or Br 

R«3 is phenyl or phenyl which is substrtuted by 1 to 3 C,-C4alkyl or C,-C«alkoxy. 

(a) Rr3 and R74 in f rmula XVI together are the group -NRea r individually independently of 
one another ar F. CI. Br. linear or branched Ci-C4alkoxy which is unsubstituted or 
substituted by fluorine, phenyloxy which is unsubstituted or substituted by C-CtalkyI or C,- 
Ctaikoxy. or cyclopentadienyl which is unsubstituted or substituted by Ci-C4alkyi: 

(b) R/,. Rt2. Rr3 and R74 in formula XVla independently of one another are F. CI. Br. linear 
or. in particular, branched Ct-C4alkoxy which is unsubstituted or substituted by fluorine. 



-38- 



phenyloxy which is unsubstituted or substituted by C,-C4alKyl or C,-C4alkoxy. or 
cyclopentadienyl which is unsul)stituted or substituted by Ci-C«alkyl; 

(c) Rra in formula XVIb is F. CI. Br. linear or branched Ci-C4alkoxy which is unsubstituted or 
substituted by fluorine, phenyloxy which is unsubstituted or substituted by Ci-C4aikyi or Ci- 
C4alkoxy. or cydopentadienyl which is unsubstituted or substituted by Ci-C4alkyl: 

(d) Rti. R72 and R73 in formula XVlc independently of one another are F. CI. Br. linear or. in 
particular, branched Ci-C4alkoxy whfch is unsubstituted or substituted by fluorine, phenytoxy 
which is unsubstituted or substituted by Ci-CialkyI or C-C.alkoxy. or cydopentadienyl which 
is unsubstituted or substituted by Ci-C4aikyi: and 

(e) R7, and R72 in formula XVId independently of one another are F. CI. Br. finear or. in 
particular, branched C,-C4alkoxy which Is unsubstituted or substituted by fluorine, phenyloxy 
which is unsubstituted or substituted by C,-C4alkyl or C,-C4alkoxy. or cydopentadienyi which 
is unsubstituted or substituted by Ci-C4alkyl. The alkoxy is particularty preferably branched 
alkoxy whfeh is optionally partly or completely substituted by F. for example i-propyloxy, i- 
and t-butytoxy. hexafluoropopytoxy [sic] and nonafiuoropropytoxy. The phenyfc>xy radcal is, 
in particular, phenyloxy which is substituted by Ci-C«alkyt in the 2.6-positkMis. for example 
2.6^imethylphenytoxy. Examples of substituted cydopentadienyl radk»ls are mono- to 
pentamethyteydopentadienyl and Irimethylsilyteydopentadienyl. R«j is preferably phenyl or 
phenyl which is substituted by C,-C4alkyl. in particular phenyl or 3.5-dimethyl-. 2.6-dimelhyl-. 
3.5-diethyl- and 2.6-diethylphenyl. 

Especially prefened compounds in the process according to the inventk>n are those of the 
formulae XVII. XVIIa. XVIIb. XVIIc and XVIId 
(R«3-N=)2Mc,X,CH2Si(CH3)3 (XVn). 

(R«-N=»)R7,Mc,X.(OR<2)CH2Si(CH3)3 (XVIIi). 

R72R73Mc2X,(OR«X3ijSi(CH3)3 (XVIIb). 

R«3-N=hde2X.(OR«)CH2Si(CH3)3 (XVHc). 

R7,-TiX.(OR«)CH2Si(CH3)5 (XVIId), 

in which 

Me, is Mo(VI)orW(Vl): 
Mez is Nb<V) or Ta(V): 
X. is For CI; 
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R«j IS phenyl or phenyl which is substituted by 1 or 2 C,-C4alkyl groups; 

Re; is branched C3- or Chalky! which is optionally partly or completely substituted by fluorine. 

or phenyloxy. or phenyloxy which is sut>stituted by 1 to 3 methyl or ethyl groups: 
Rr} and Rn independently of or>e another are cydopentadienyl which is unsut)stituted or 

substituted by 1 to 5 methyl groups. X. or R«20-; and 
R., is cydopentadienyl which is unsubstituted or substituted by 1 to 5 methyl groups. X, or 

Some examples of litanium(l\/). niobium(V). tantalum(V). molybdenum(VI) and tungstan(VI) 

compounds are [Cp is cydopentadienyl and Me is N'b(V) or Ta(V)]: 

Ti(CH,Si(CH,)3jCI,. Ti{CH^i(CH,)3jBr,. Cp,Ti(CH^i(CH,)JCI. 

(CH,),Ti(CH^i(CH3)JCI. Cp,Ti[CH2Si(CH,)JBr. Cp,TiICHjSi(CH^JI. 

CpTi(CH^i(CH^(CH5lCI. Cpri|CH^i(CHJJBr,. I(CH,)aCH01,TilCH^(CH,)ja. 

((CF3),CH01,T»[CH:SI(CHs)JCI,((CF,),CH01CpTi(CH:Si(CH,)JCI. 

[(CH,),CH01CpTitCH^(CH,)JCI. (C,H50)CpTi(CH,Si(CH,)JCI. (2.6-dimothyl- 

C,H50)CpTi(CH,Si(CH3)jia. {2.6-dimethyl-C,H50),Ti[CH^i(CHj)jlCI. 

(2.6-dimethyl-CH50)TilCH,Si(CH,)JaBr.l(CH,),C01CpTilCH^(CH5)JCI. 

|(CF,),(CH,)C01CpTiICH,Si(CH^CI, Me(=N^0lCX;H(CH,)JKCH,SKCH,)3ja. 

Cp2MeI(CHjSi(CH3)JCI,.Me(=N-CH,)lOCH(CFJJKCH:Si(CH,)JCI. 

Me(=N-2.6-diisopropyiCH,H(CH^i(CH,}3lCI,. 

Me(=N.2.6^iisopropylC,H,)l(CH,),CHOH(CH:Si(CHj)JCI. 

Me(=N-2.6-dimethylCH0(2.6KJimethyW:,H,O)CCH^i(CHj)JCI, 

Me(=N-2.6^jimethylCH,)((CF,)jCHO)lCH:Si(CH,)JCI. 

(-N-2.6-dimethylC,H,)CpMe[(CH,Si(CH,)JCI. 

(C,H50)2CpMe((CH^i(CH,)JCI. 

(=N-3.5-dimethylC,Hj)Me(2.6-dimethylC,H,0)K(GH,Si(CH,),)lCI. 
CpMe(OCH(CHJJJ(CH^i(CH,)JBr. CpMe{OCH(CH,)JJ(CHjSi(CH,),lC?, 
CpMe(0CH(CF3)a,((CH^i(CH,)JCI. Cp,Me<Methyl)((CH,Si(CH3)JCI. 
Cp2Me(0CH(CH,)Jl(CH,Si(CH,)JCI. (OCH(CH,)jLMe|CH:Si(CH,)dCI,. 
Me(2.6-dimethylphenyloxy)(CHjOU(CHjSi(CH,)JCI. 

Me(CH,Si(CH,)j)(OCH(CH,)J(CF,0).CI.W(=N.C,H,)((OC(CH,)JlCH,.Si(CH,)JCl,. 
(2.6-diisopropylphenyloxy),Me{CH;Si(CHs)ilCI,. 

Cp,IVIe(OC(CH,)Jl(CHjSi(CH3)JCI. CpMe[OC(CH,)(CF,)J:l(CH:Si(CH,)JCI. 
MO;((CH,-Si(CH,),)(OCH,C(CH,),)CI],. Mo(=N-2.6-diisc-.propylC,H,-.2(CH,- 
Si(CH,)3lCI. W(=N-C,Hj)((OC(CHj),UCH,-Si(CH,^]CI. Mo(=N-C«ni):(OH;- 

Si(CK,)jICI. 
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Mo(=N-2.6-<JiisopropylC,H3)KOCH,C(CH5)J,[CH^Si(CH,),CL. 

The titanium, niobium, tantalum, molytxienum and tungsten compounds to be used 
according to the invention are known or can be prepared by known arxJ anatogous 
processes starting from optionally conrespondingly substituted metal haikies by means of 
Grignard reactions [Schrock, R.R., Murdzeck. J.S.. Bazan. G.C.. Robbins. J.. DiMare. M.. 
O'Regan, M.. J. Am. Chem. Soc., 112:3875-3886 (1990)|. 

4. Ciher suiiabie photoactive one-component catalysts are niobium(V) or tantaium(V) 
compounds which contain at least two methyl groups or two monosubstituted methyl groups 
bonded to the metal, the substituent containing no hydrogen atom in the a positnn. These 
compounds are also thermal catalysts. 

The niobium(V) and tantalum(V) compounds to be used according to the inventkm contain 
one metal atom. The methyl group or monosubstituted methyl group which is bonded to the 
metal is bonded at least twice, particularly preferably two to five times, and espectaBy 
preferably two or three times, as a Hgand. This ligand preferably corresponds to the formula 

XI 

-CHrR (XI) 

where R has the meanings and preferred meanings given above. 

The ottDr valencies of the nrabum and tantalum atom are preferably satisfied with heat 
stable neutral ligands, a large number of which are known. The number of neutral figands 
can also exceed the stoichiometrically possible number (solvates). The definition of heat 
stability has been given in the introduction. 

The meanings and preferred meanings of neutral ligands have been given above. 

In a pr ferred embodiment, th niobium and tantalum compounds correspond, in particular, 
to the fomriula XVIII 
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(xvm). 



in which 

Me is Nb(V) or Ta(V), 

at least two, preferably 2 or 3. of the radicals to P^ sre s rsdicai -CH,^ of the fbrmitfa 
XI. in which R has the meanings and prsferred meanings given above, 
two of the other radicals from to Rm together are =0 or -NrR^, and Rm is linear or 
branched C-Ciaalkyi which is unsubstihJted or substituted by C,*C,alkoxy. Cr or 
Cscycloalkyi which is unsubstituted or substituted by C,-C^lfcyi. C,-C,alkoxy or halogen, 
phenyl which is unsubstituted or substituted by C,-Ceallcyl. C,-C^oxy. Ct-C,alkoxymethyl. 
C-Calkoxyethyl. di(C,-C,alkyl)amino. di(C,^,allcyl)amino-C,-C,allcyl or halogen, or benryl 
or phenylethyl which are unsubstituted or substituted by C,-C«allcyl. C,-C,all(oxy. 
C,-C,alkoxymethyl, C,-C,alkoxyethyl, diCCi-CealkyOaTiino. di(C,-C,allcyl)amino-C,-C,allcyl or 
halogen: and/or 

the other radicals from Rn to Rm independently of one another are secondary amino having 
2 to 1 8 C atoms. R^O-. R45S-. halogen, cydopentadienyl or bridged biscydopentadienyl or a 
neutral llgand. in which the R4S independently of one another are linear or branched C,- 
Calkyl which is unsubstituted or substihJted by C,-C,alkoxy or halogen. C,- or C,cydoalIcyl 
which is unsubstihited or substituted by C,-C,alkyl. C,-C,alkoxy or hatogen. phenyl which is 
unsubstHuted or substituted by C,-C,alkyl. C,-C,alkoxy. C,-C,alkoxymethyl. 
C,-C,alkoxyethyl, di(C,-C,alkyl)amino. di(C,-C,alkyl)amlno-C,-C,alkyl or hatogen. or benzyl 
or phenyethyl which are unsubstituted or substituted by C,-C,alkyl. C,-Cealkpxy. 
C-Cgalkoxymethyl. C,-Cealkoxyethyl. di(C,-C,alkyl)amino. di(C,-Cealkyl)amino-C,-C,alkyl or 
halogen. 

In a particularly prefen-ed embodiment, the niobium and tantalum compounds of the fonnula 
XVIII used ar those in which 

a) R„ to Rm ar each a radical of th formula XI -CH,-R. or 

b) Rsj and Rm are each a radical of the fomiula XI -CHj-R. Rm and R^ tog ther ar the 
radical =N-R*4. and R* is unsubstituted or substituted cycl pentadienyl. 

R«i-0- or halogen, or 
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c) Rs2. Res and Rm are each a radical of the formula XI •CH}-R, and Ru and Rm together are 
the radical =N-fl««. or 

Ri2> Rs3. Rb4 ar;d Ru are a radical of the formula XI -CHj-R and Rm is unsubstituted or 
sut)stituted cydopentadienyi. R4S-O- or halogen, 

where R. R44 and R4, have the atwve meanings. The above preferred meanings apply to R. 
R44 and R4S. 



Niobium and tantalum compounds which are especially preferably used in the process 
according to the Invention are those of the formulae IXX, IXXa nr LXXb 



CHriL 



CHrRv 



RsT 



-Me 



:N-Ro woo, Rg- 



-Me 



CHrR, 
CHrR. 



'Re 



Ro 



(IXXaX 



CHrR. 



(DOCbX 



Ro 



CHj-R. 

in which 

Me is Nb(V) or Ta(V). 

R, is H. -C(CHj)3. -C(CH3)j-CeHs. -CeH, or -Si(C,-C4alkyl)3. 

R„ is phenyl or phenyl which is substituted by 1 to 3 C,-C4alkyl or C,-C4alkoxy. 

in fonnula IXX is the group -CH,-R or F. CI. Br. linear or. in particular, branched 
C,-C4alkoxy which is unsubstituted or substituted by fluorine, phenyloxy which is 
unsubstituted or substituted by C-C.alKyI or C,-C4alkoxy. or cydopentadienyi which is 
unsubstituted or substituted by C,-C4alkyl; 

Re,, R„ and R^ in fonnula IXXa independ ntly of one another are F. CI. Br. linear or. in 
particular, branched C,-C4alkoxy which is unsubstituted or substKuted by fluorine, phenytoxy 
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which is unsubstrtuted or substituted by C)-C4allcyi or C,-C4alkoxy. or cyclopentadienyi which 
is unsubstituted or substituted by C,-C4alkyl; and 

Ra3 and in formula IXXb independently of one another are F, CI, Br. linear or, in 
parttcuiar branched C)-C4aikoxy which is unsubstituted or substituted by fluorine, phenyloxy 
which is unsubstituted or substituted by Ct-C4aikyl or C,-C4alkoxy. or cyctopentadierryl which 
is unsubstrtuted or substituted by C,-C4dikyi. The alkoxy is particularly preferaWy branched 
aikoxy, which is optionally partly or completely substituted by F, for example npropytoxy. »- 
and t-butyk>xy, hexafluoropopyloxy (sic) or nonaf!yofopfcpy!oxy. 

Some examples of niobium(V) and tantalum(\/) compounds are [Cp is cyciopentadienyi and 
MeisNb(V)orTa(V)): 

MelCH^i(CH3)3k. Cp2MeKCHjC(CHa)rCeH5)k Me(=N-2,6-dimethylC,HJ(CH,),. 
Me(=N^H5)|OC(CH5)JI(CH^I(CH3)3)L. Me(=N-2,6Hdi$sopropytC»HJ[(CHrC,H5)k 
Me(=N-C»Hs){OCCH,(CFM(CHjSi(CH,)3)L, CpM^ 

Me(=N.2,6-diisopropyKV«KCHaC(CHa)rCt^^ Cp,Me(CH,)JOCH(CHJJ. 
Me(=N-2.6-dimethylC.H,)KCHa^j3. CpMelOCHCCH^yiliKCHjSiCCHaJJfc, 
CftMe((CH2-C,H5)t Me(CHjSi(CHJj3CI,. Me{CH,Si(CH3)3UOCH,C(CH,)J|. 
Cp2Me(3.5^imethylC.H,0)JKCH^I(CHa)a)l,. Me(2,6^itsopropylphenytoxy),(CHJ> 
Cp2Mc(CHj)3. Me<2.fr<Jtmethylphenyk)xy),(CH Ja. Me(CH2Si(CH5)3UCX;H(CH3)t. 
CpMe(OC(CH3)3U(CHrC,H5)l, and Cp^e{(CH2Si(CH,Wfc. 

^ The niobium and tantalum compounds to be used according to the invention are known or 
can be prepared tyy known and analogous processes starting from the optionally substituted 
metal halkles via Grignard reactions and/or substitution reactions [Schrock. R.R., Murdzeck, 
J.S.. Bazan. G.C.. Robbins. J., DiMare. M.. O Regan. M.. J. Am. Chem. Soc., 112:3875- 
3886 (1990)]. 

5, Other suitable photoactive one-component catalysts are titanium(IV) compounds wt)ich 
contain, bonded to the metal, at least two methyl groups or two monosubstituted methyl 
groups, the substituent containing no hydrogen atom in the a position. These compourxJs 
are also thermal catalysts. 

The titanium(l\/) compounds to be used according to the invention contain one metal atom. 
The methyl group or monosukwtituted m thyl group which is bonded to the metal is bonded 
at least twice, particularly preferably two to four times, and especially preferably two or three 
times, as a ligand. This ligand preferably corresponds to the formula XI 
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-CHj-R 



(XI) 



where R has the meanings and preferred meanings given above. 

The other valencies of the titanium atom are preferably satisfied with heat-stabie neutral 
tigands. a large number of which are known. The number of neutral ligands can also exceed 
the stoichiometricatly possible number (soh^ates). The defmitkm of heat stabSity has been 
given in the introduction. 

The neutral ligands are, advantageously* identical or different ligands, for example from the 
group consisting of secondary amines having 2 to 18 C atoms, R45O-, R^jS*. halogen, 
cyclopentadienyt, bridged biscydopentadienyl, trktentate morx>anionic ligands and neutral 
ligands, for example ethers and amines, in which the R^ independently of one another are 
linear or branched C,-Cttalicyl which is unsubstituted or sut)stituted tyy C,-C«altoxy or 
halogen, C5- or C«cydoalkyl which is unsubstituted or substituted by C,-Ccalkyi, C,-CtaBcoxy 
or halogen, phenyl which is unsubstituted or substituted by C,-C«alkyl, Ct-Ccalkoxy, 
Ci-C«alkoxymethyl, C|«C«alkoxyethyl or hak>gen, or benzyl or phenylethyl which are 
unsubstituted or substituted by C,-Ctalkyl. Ci-C«alkoxy, Ci-C«alkoxymethyt, C,-C«aOcoxyelhyl 
orhak)gen. 

The meanings and preferences of R4S. of secor^dary amines, of hak>gen as a further Kgand 
" on the metal atoms or as a substituent. of cydopentadienyl, ethers, nithles, tertiary amines 
and phosphines as neutral ligands ar>d of tridentate nrumoanionic ligands have been given 
above. The meanings and preferred meanings of alkyi, alkoxy or alkoxy as a substituent in 
aikoxymethyi or - ethyl have likewise been given above. 

In a pneferred embodiment, the titanium(IV) compounds correspond, in particular, to the 
formulae XX 




Ti 



(XX), 




in which 
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at least two, preferably 2 or 3. of the radicals R,, to Rm are a radical -CHj-R of the formula 
Xt, in which R has the meanings and preferred meanings given alx>ve: and 
the other radicals R,; to R« are secondary amino having 2 to 18 C atoms. R»jO-, R45S-. 
halogen, cydopentadienyl or bridged biscyciopentadienyl or a neutral ligand. in which the R« 
independently of one another are linear or branched C,-C,taikyl which is unsubstituted or 
substituted by C,-C,aikoxy or halogen, C,- or Ccycloaikyi which is unsubstituted or 
substituted by C,-C,allcyl, C,-C,alkoxy or halogen, phenyl which is unsubstituted or 
substituted by C,-C,alkyi. C,-C,alkoxy. C,-C,alkoxymelhyl, C,-C^lkoxyethyl. <«(C,- 
C»alkyl}amlno. di(C,-C,allcyl)a»""no^i-C3aH<yl Of halogen, or benzyl or phenylethyt which are 
unsubstituted or substituted by C,-C,alkyl. C,-C^koxy. C-C.alkoxymethy!, C,- 
Calkoxyethyl. di(C,-C,aHcyl)amino. cB(C,-Cealkyl)aminoCi-C5a!ky{ or haJegen. 

in a particularly prefenred embodiment, the titanium(IV) compounds of the fotmOa XX which 
are used in the process according tc the invention are those in which 

a) R,7 to Rw are a radical of the formula XI -CHrR. or 

b) Rn and R« are a radical of the formula XI -CHrR. and R« and RjB Independently fli one 
another are unsubstituted or substituted cyctopentadienyi. R4S-O- or halogen, or 

c) Rw. Raa and R»are a radkal of the formula XI -CHrR. and R« is unsubstituted or 
substituted cyctopentadienyi. R«9-0- or hak}gen. 

where R and R4S have the above meanings. The above preferred meanings apply to R and 

R45. 

Titanium(iV) compounds whk:h are especially preferably used in the process according to 
. the invention are those of the formulae XXIa or XXIb 

CHrR. CHrR, 



RgT Ti R« OOOm), r^.HjC Ti ^ 



C3irR. CHrR, 

in which 

R, is H. -C(CH^, -C(CH3)j-C.H5. -CH, or -SiCC-C^alkyl),. and 

Rj7 and R„ ind pendenUy of one another are F. CI. Br, linear or. in particular, branched C,- 
Calkoxy which is unsubstftuted r substituted by fluorine, phenyloxy which is unsubstituted 
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or substituted by Ct-C«alkyl or CrC4alkoxy. or cydopentadienyl whrch is unsubstituted or 
substituted by Ci-C4alkyl. The aikoxy is particularly preferabty t>ranched alkoxy. which is 
unsubstituted or partly or completely substituted by F. for example i-propyloxy. i- arxl t* 
butyloxy. hexafluoropropyk>xy and nonafluoropropyloxy. 

In a preferred embodiment of the invention, the tKanium(IV) compounds contwi a halOQen 
atom, in particular CI or Br, bonded to the titanium if the radical R in the youp -CHr^ ^ 
-SiR3tR39R40- Compounds which are especially preferred are then those of the formula XXII 

I 

I 

Rf? J CHrSiR3,Il»R4o (XXIl). 

in which 

Y, is F. CI or Br. 

R„, R„ and independently of one another are C,-C,.alkyl. CV or (VcydoaHcyt or phenyl 
or benzyl which are unsubstituted or substituted by C,-Caaikyi or C-CaaOcoxy: and 
R„ is the group -CHfSIR^Jito, P. CI, Br. linear or. in particular, branched C,-C4alkoxy 
which is unsubstituted or substituted by fluorine, phenyioxy wNch is unsubstituted or 
substituted by C,-C4alkyl or C,-C4aikoxy, or cydopentadienyl which is unsubstituted or 
substituted by C,-C4ali(yi. R». R» and R40 are preferably C-Ctalkyl. phenyl or benzyl, and 
Rar is preferably CI. C,- or Ct-alkyI which is unsubstituted or substituted by fluorine, or phenyl 
or benzyl which are unsubstituted or substituted by C^-C„a\k^ or C,-C«alkoxy, 

Some examples of titanium(l\/) compounds are [Cp is cydopentadienyl]: 
TilCH,Si(CH,)J,. TIIOCH(CF,)J,KCH^i(CF,)Ja. Cpn[(CH,C(CH,),-C,HJJia. CpTil(CHr 
CbH,)!,. TiCWCH^iCCH,),)!,. [OCH(CF,) JTiKCHj-CH,)),. CpBrTit(CH,C{CHOrC,Hdt. 
Cpri(2.6^imethylC.H30)l((CH^i(CH,),)l,. Ti[OCH(CH,)J,((CH,-C,Hs)l,. 
Cm{OCH(CH,)JI(CHjSi(CH,),)b. CpTi[OCH(CF3),l((CH,-C«H5)l,. CpTi(methyl)>. 
CpTi(methyiyOCH(CH,)a].Ti(CH,Si(CH,)JjBr,. Ti(2.6-dimethylphenyloxy),(CH,),. 
CpJi(CH,)j. Ti[CH,Si(CHj)jl3lOCH(CHj)J and Ti(2.6-diisopropylphenyloxy),(CH0i. 

Th titanium(IV) compounds to be used according to the invention are known or can be 
prepared by known and analogous processes starting from the metal halkles by Grignard 
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reactions or other known substitution reactions [see Ctauss, K., Bestian, H.. Justus Ljet>jg8 
Ann. Chem., 654:8-19 (1962)]. 

6. Other suitable photocatalyttcally active compounds are njthenium or osmium compoimds 
which contain at least one phosphine group, at least one photolabile ligdnd. and optionatiy 
neutral ligands bortded to the metal atom, a total of 2 to 5 Kgands being bonded, and which 
contain acid anions for baiandng the charge. Total in the context of the »wentk>n means the 
sum of the phosphine groups, photofabile figands and neutral ligands. The neutral ligarKls 
are also called non-photoiabile ligands. Preferabty 2 to 4, and particuiariy preferably 2 or 3, 
lioanHs are bendsd mi total. 

The osmium compounds are also thefmaOy active catalysts. The njthentim compounds are 
also thermal catalysts if the phosphine group contains no linear aBcyl or alkoxy group, but 
bulky groups, fbr example secondary and tertiary alkyl or akoxy groups {i-^np^ or i- and t- 
butyl), or cydoaUcyl groups, or phenyl groups or phenytoxy groups whkii are unsubstituled 
or substituted by 1 to 3 C,-C4ancyl or -aikoxy. 

The phosphine group is preferably tertiary phosphines having 3 to 40. more preferably 3 to 
30 arxl particuiariy prefierat>ly 3 to 24 C atoms. 

The other vaiendes of the ruthenium and osmium are preferably satisfied with heat-stable 
neutral ligarKls, a large numtwr of which are known. The number of neutral ligands can also 
xceed the stoichk)methcaily posstbfe number (solvates). 

In the ruthenium and osmium compouruis to be used according to the inventkxi, a 
monophosphine can be bonded one to three times and preferably two or three times arxJ a 
diphosphine can be bonded once to the metal atom. Preferably 1 or 2 photolabile ligands are 
bonded in the ruthenium arxi osmium catalysts. The phosphine ligands preferably 
correspond to the formulae XXIIi and XXIIIa 

PR»iR«R« ' (XXIII). 

Rt,R«P-Z,-PR»tR« (XXllla). 

in which R»,. R« and R„ independently of one another are H. C,-Cjoalkyl. C«-C,2Cyck>alkyl 
which is unsubstrtuted or sut)stituted by CrC»alkyl. C,*C«haloalkyl or CrC«alkoxy. or 
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Ca-C,saryi which is unsubstihJted or substituted by C,-Csalkyl. C,-Cshaloalkyl or C,-C»alkoxy, 
or C7-C,earallcyl which is unsubstituted or substituted by C,-C,alkyl. C,-C,haioalKyl or 
C,-C«alkoxy: the radicals R«, and Rm together are tetra- or pentamethylene which is 
unsubstituted or substituted by C,-C»allcyl. C,-C«haloalkyt or C,-C,aikoxy. or tetra- or 
pentamethyler)e which is unsut>stituted or sut>stituted by C,-Csalkyl. C,-C,haloall(yl or 
C,-Csalkoxy artd fused with 1 or 2 
1,2-phenylene. and has the meaning given above: and 

Z, is linear or branched C2-Ci,aikylene which is unsubstituted or substituted by C,-C«aH(Oxy. 
1 ,2- or 1.3-cydoalkytene which has 4 to 8 C atoms and is unsubstituted or substituted by C|- 
C4alkyi or Ct-Ctaikoxy. or 1,2 or 1 .3-heterocydoaikyiene which has 5 or 6 ring men^jers and 
one heteroatom from the gnHsp consistn'ig ci C of ri aiui is unsubstituted or sut)stituted by 

C^^4a!ky! or C-Giatkoxy. 

The radicals R,,. Ra and Rn are preferably identical radicals. 

If R,,. Rk and R„ are substihJted, the substituents are prefierably C,-C«aBcyi. C,-C«haioaBcyl 
or C,-C4alkoxy. Halogen is preferably a and paiticularty preferably F. Examples of preferred 
substituents are methyl, methoxy. ethyl, ethoxy and trifluoromethyl. R«. Rn and Rn ai« 
preferably substituted by 1 to 3 substituents. Substituents are preferably in one or both ortho 
and/or meta positions relative to the C atom of the P-C bond in the phosphine. 

ABcyl R,,. R«| and Rn can be linear or branched and can preferably contain 1 to 12. more 
pref^bly 1 to 8. and particularly preferably 1 to 6 C atoms. Examples of alkyi are methyl, 
ethyl, n- and i-propyl. r»-. i- and t-butyl and the isomers of pentyl. hexyl, heptyl. octyl, nonyf. 
decyl. undecyl. dodecyl. trkfecyl. tetradecyl. pentadecyl. hexadecyl. heptadecyl. odadecyi 
and eicbsyl. Preferred examples are methyl, ethyl, n- and i-propyl. n-. i- and t-butyl. 1-. 2- or 
3-pentyl and 1-. 2-. 3- or 4-hexyi. 

CydoalkyI R,„ R„ and R„ are preferably Cj-C,cycIoalkyl. and particularly preferably C,- or 
Ccycloalkyl. Some examples are cydobutyl. cyctoheptyl. cyck)OCtyl and. in partKular. 
cydopentyl and cydohexyl. Examples of substituted cydcalkyi are methyl-, dimethyl-, 
trimethyl-. methoxy-. dimethoxy-. trimethoxy-. trifluoromethyl-. bistrifiuoromethyl and 
tristrifluoromethylcydopentyl and -cydoh xyl. 
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Anrl R,„ Rm and R„ are preferably C,-C,^ryl. and particularly preferably phenyl or naphthyi 
Examples of substituted aryl are methyl-, dimethyl-. trimethyK methoxy-. dimethoxy-. 
Irimethoxy-. trifluorDmethyl-. bistrifluoromethyl and trtstrifluoromethylphenyl. 

AralkyI R,,. R„ and R„ are preferably CrC„aralkyl. where the alkylene group in the aralkyi 
is preferably methylene. The aralkyi is partcularty preferably benzyl. Examples of substilutn^ 
aralkyi are methyl-. dimethyK trimethyK methoxy-. dimethoxy-. trimcthoxy-. trifluoromethyl.. 
bistrifluoromethyt and tristrifluorDmethylbenzy!. 

Examples of optk}naily substihjted or fused tetra- or pentamethylene bonded to the P atom 
are 




I 

Other suitable phosphines are cydoaliphatics vi»hich have 6 to 8 ring carbon atoms and are 
brkjged with a =PRa group, for example 




in which Ra is C,-C,alkyl. cydohexyl. benzyl, or phenyl which is unsubstituted or substituted 
by 1 or 2 C-Ctalkyi. 

Unear or branched alkylene 2, is preferably 1.2-alkylene or 1.3-alkylene having preferably 2 
to 6 C atoms, for example ethylene. 1.2-propylene or 1.2-butylene. 

Examples of cydoalkylene Z, are 1 .2- and 1 .3-cyclopentylene jand 1 .2- or 1 .3-cydohexyleno. 
Examples of heterocydoalkyten Z, are 1,2- and 1 .3-pyrrolidine. 1.2- and 1,3-piperidine and 
1,2- and 1 .3-tetrahydrofuran. 

In a pref rred embodiment, the phosphine ligands con^spond to the formula XXIII in which 
R„. Rm and R^ independently of one another are H. C,-C,alkyl, cyclopentyl or cydohexyl 
which ar unsubstituted or substituted by C,-C«alkyl. or phenyl which is unsubstituted or 
substituted by C,-C«alkyl. C,-C4alkyl (sic] C,-C.alkoxy or trifluoromethyl. or benzyl which is 
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unsubstituted or substituted by C,-C4alkyl. C-C^alkyl [sic] C,-C4alkoxy or trifluoromethyl 
Partlojlarfy preferred examples of phosphine llgarnls of the formula XXIII are (CtH,),?. 
(CeHsCHj^P, (C^H^OaP. {CH^JP. {C^d^P^ (n-C^H^^P. (hCjH,),?. (rvC^H^^P. (C^HJ^P. 
(CHjCHJ^P. (CsH^J^P. (C^H5)2HP. (rvC^H.feHP. (hC,H,)jHP. (rvC,H,),HP, (C,H5)H^, (rv 
C4H,)H,P. (CeH5CHj)H^. (CsH„)HjP, (CHJHjP. (CH^HP. {C^H^. (n-C^H^jH^. 0- 
C3H,)H,P. PH3 {2-methyK:aH4)3P. (3^H3-C4H4)3P. (4-C^s-C»H,^P.(4.CH,.C»H4)3P. (2.4-di- 
CH3-CsH5)3P. (2.6KlHCH3-CeHj3P. (2-C,H3AH,)3PX3^Hs-C»H4)3P. (2-n-C3HrC,H4)/>. (3^ 
C^HrC^H,hP. (4.n.C3HT-CeH,>3p. {l-i^HrC^H.hP. (MlMrC^H^P^ \^-i-C^r^H^. 
{2 n-C4H,-Cen4|,P. (3^vC4H,-CeH4)3P. (4-fvC,H,^sH4),P. {24^4H,-CH4)3p. (34^JH^ 
C«H,)3P. (4-hC,H,^^4)3P. (2.t-C4H,.C,H,)3P. {:^t<i,H^'C.H^hP^ {^A-CH^^H^. (2-CHr 
64.C4H»<:»H3)3p, (3-CH,-6-t-C4H.-CHj)3P. (3^H,-64^4Ht^eH3)3P. (Z6^t-C,H,.CH,),P. 
(2,3-dHt-C4H9-CeH3)3P and (2,4-di-t-C4H,-CJH3)3P. 

Organic or tnorgartic compounds, atoms or ions which are coordinated onto a metal centre 
are designed as Bgands for the ruthenium and osmium compounds to t>e used according to 
the invention. 

Th meanings and preferred mearungs of photolabile ligands and non-photoiat)ile figands 
(also called highly coordinating ligands) have been mentioned above. 

In a preferred embodiment the Ru arxl Os catalysts to be used according to the invention 
contain only photolabile ligands, phosphine groups and anions for balancing the charge. The 
catalysts which contain an arene group as photolabile ligarxls, a tertiary phosphine group, 
and mono- or bivalent aniorts for bdlar)dng the charge are especially preferred. 

Suitable anions of inorganic or organic adds are. for example, hydride (H^. halide (for 

example F^, CI^ Br^ and 1^. the anion of an oxygen add and BF*^. PF*^. SbF,^ or AsF,®. It 
should t>e mentioned that the abovementioned cyclopentadienyl is a tigand and an anion. 

Further suitable anions ar C,-C,2-, preferably CrCe-, and particularly pr ferably 
CrC4alcoholates, which, in particular, are branched, for xample corresporui to the formula 

R,R^R,C-0^. in which R, is H or CrC,oalkyl, R^ is CrC,oalkyl and R, is C,-C,oalkyl or phenyl, 
and the sum of the C atoms of R.. R^ and R, is 1 1 . Examples are. in particular, i-propyfoxy 
and t-butytoxy. 
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Other suitable anions are Cj-Cu-. preferably C5-C,4-. and particularly preferably 

Cs-Ci?acetylides. which can correspond to the formula R,-CzC^. in which is Ct-Ci«alkyt. 
preferably a-branched Cs-Ci^aikyt. for example of the formula R,RyR,C-. or is phenyl or 
benzyl which are unsubstituted or substituted by 1 to 3 Ct-C4alkyl or Ct-C4aikoxy. Some 
examples are i-propyl-, k and l-butyl-, phenyl-, benzyl-. 2-methy^. 2.6-dtnnethyl-, 2-i-propyK 
2H-propyl-6-methy(-. 2-t-buty^, 2.6-di-t-butyl- and 2-methyl-6-t-butylphenylacetyilde. 

The meanings and prefen^ meanings of anions of oxygen acids have been menHoned 
above. 

F^Xf. Br^. BF,^. PF»^. SbF.^. AsF.^. CF,SO,^. C.H5-S03^. 4^thylAH,^® 
2,6^imethyl-CftH5-S03^, 2.4.S.trimethyl-C»H5-S03^ and A-CFj-CtH^-SO,® and 
cyclopentadienyl (Cp^ are particularly preferred. 

The number of non-photolabite Kgarxls depends on the number of phosphtne groups, the 
size of the norvphotolabile ligands and the number of photolabile ligands. 

In a preferred embodiment, the ruthenium and osmium compounds particularty preferat)ly 
correspond to one of the formulae XXIV to XXIVf 



R,,L,Me^*(Z")2^ (XXIV). 

{R^yh^Mc^^iT^hM (XXIVbX 

(R^7)3LjMc^^(Z«hM (XXIVc), 

R^7l-iL2Mc^*(Z^-)2M (XXIVd). 

I^7LJL2^4c^^(Z»-)2^ (XXTVc). 

R^L^l^hte^^CZ^hM (XXTVf), 

in which 



R97 is a tertiary phosphine of the formula XXIII or XXIIIa; 
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Me is Ru or Os; 

n is the numbers 1, 2 or 3; 

Z is the anion of an inorganic or organic acid: 

(a) L, is an arene or heteroarene ligand: 

(b) L; is a monovalent photolabile ligarxi different from L,: and 

(c) L3 is a monovalent non-photolabile ligand. 

^or R^r. La. U and L,o [sic], the preferred meanings stated above for the individual mearungs 
apply 

In the formulae XXIV to XXIVT, n is preferably 1 or 2 and espedatty 1. For R,,. the prefened 
meanings stated for the phosphine ligands of the formula XXIII apply, and in particuiar the 
phosphir^es are tertiary phosphines. 

Ruthenium and osmium compounds which are especially preferably used in the process 
according to the invention are those of one of the formulae XXV to XXVf 



(R^R95R9^)2L^^'')2 (XXVi), 

(R^K95R^)L9L|oMc^*(Z^ h (XXVb), 

(R^R^IW'HL^Mc^^*), (XXVcX 

(R^R95R^)L9L9Mi^^»-)l OCXVd). 

(R^R95R9^)LtL,oMe^*(Z»-)2 (XXVc), 

(R^R^R^)l^(U)J4c^*-)2 (XXVO. 
n which 

Me is Ru r Os: 



Z in formulae XXV to XXVe is H"'. cydopentadienyl. Cf. Br ". BF; PF,' '. SbF/\ AsF/*. 
CFjSO,'^ C,Hs-SOj^. 4-methyl-CHs-SO,''. 3.5-<limethyl-C»H5-SOj 2.4.6-trim thyl-C,H,- 
SOj** and 4-CF,-C»H5-SO,''and in formula XXVf is H '. cydopentadienyl. BF;'. PF,**. SbF,'\ 
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AsFft'^ CF3SO/. CftHj-SO,^. 4-methyW:eH5-SOj^, 2.5-dimethyK:eH5^03^\ 2.4.6-trimethy»- 
CftHs-SO,^ or 4-CFj-C,H5-S03'^. 

R^. and R95 independently of one another are Ci-C»atkyi or -alkoxy. cydopentyi or 
cyclohexyl or cydopentyioxy or cydohexyioxy which are unsubstituted or substituted by 1 to 
3 CrC4alkyl, or phenyl or benzyl or phenyloxy or benzyloxy which are unsubstituted or 
substituted by 1 to 3 Ci*C4alkyi; 

U is Ce-Ciftarene or Cs-C^eheteroarene which are unsubstituted or substituted by 1 to 3 

C,-C4alkyl. C,-C4alkoxy. -OH. -F or CI: 

U is C-Cealkyl-CN, benzonitrile or beriTyinitriJe; and 

L,o is H2O or Ct-Calkanol 

Preferred arenes arKi heteroarenes are beruene, toluene, xylene, thmethylbenzene. 
naphthaler^e, biphenyl, anthracene, acenaphthene. fluorena, phenanthrene, pyrene, 
chrysene, fluoranthrer>e, furan, thtophene. pyrrole, pyh<fine, iH)yran. r-thk)pyran. pyrimidine* 
pyrazine. IrKtoie. coumarone, thtonaphthene, carbazote. dibenzofuran. dibenzotfwphene. 
pyrazole, imidazole* benzimidazole. oxazole. thiazole. iscxazoie. isothiazde. quinolina, 
isoqutncline, acikiine, chromene. phenazine. phenoxazine. pherK>thtazine. triazir^es, 
thianthrene and purine. More preferred arenes and heteroarerm are benzene, naphthalene, 
cumene. thiophene and benzothiophene. The arene is espedatiy prefentbty benzene or a 
benzene which is substituted by C,-C4alkyi. such as. for example, toluene, xylene, 
isopropylbenzene. tert*butylbenzefw or cumene. and the heteroarene is preferably 
thiophene. 

If the preparation of the ruthenium and osmium catalysts is carried out in solvents which can 
coordinate to a metal atom, such as. for example, alkanols, solvated Ru/Os cation 
complexes which are also induded in the scope of the use according to the invention can 

form. 

Some examples of ruthenium and osmium compounds to be used according to the inventkyi 
are |Tos is tosylate]: (C9Ht,)7HPRu(p-cumene)Cl2. 

(C«H,,)3PRu(p-cumene)CI;. (C6H„)3PRu(p-cum ne)(TGS)y. {CtH„)3PRu(p<um ne)Br,. 
(CeHM)3PRu(p-cumene)CIF. (C«H,,)3pRu(CeH4)(Tos):. 
(C6H„)3PRu(CHrCeH,)(Tos)^ (CeH.OjPRuCi-C^HrC^H.KTos),, 
(C<iH.03pRu(chrysene)(Tos)j, {C8H„),PRu(biphenyl)(Tos);. 
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(C,H„),PRu<anthracene)(Tos),. (CeH„),PRu(C,oH,)(Tos). (»-C,H7),PRu(p<umene)CI,. 
(CH5)jPRu(p^umene)CI,. (n-C4H,),PRu(pHaimene)CI,. l(C,H„),Pl,RuCH,-CN)(To8),. 
(C,H„)3PRu(CH3-CN)(CiH5-OH)(Tos),.{CH„)3PRu(p-cuinene)(CH,-CN)a(PF,),. 
(C,H„)jPRu(p-cumene)(CH,.CN),(Tos),. (n-C«H,), PRu(p-cumeno)(CH,-CN),(Tos),. 
(C,H„)3?Ru(CH,-CN),CI,.(C,H„),PRu(CH,-CN),CI,. 

(CeH, ,)3PRu(p^mene)(C2H50H(BF4),. (C,H„)^Ru(p<umene)(CjHjOH(BF4),. 
(C,H„),PRu(rMajmene)(C,HjOH,<PFe),.(C»H„)sPru(CftH„)(C,H50H(Tos)^ 
(C»Hn)iPOs(p^mene)CI,. {}-CJHyhPOs(p<umene)at. (CH,),POs(p<uni«ne)CI,. 
(C,H5)jPOs(p-ajmene)Cl2 and RuCMp<umene)[(C,Hii)jPCH7CH^(C^„)J. 

The rutheoiunr! and csmiism compounds to be used according to the invention are known or 
can be prepared by known and anafc)gous processes starting from the metal hafides (for 
example MeX, or [Me-areneXJ, and reaction with phosphines and Ngand-formlng agents. 

7. Other suitable one-component catalysts are divalent-cationic ruthenium or osmium 
compounds with a metal atom to wNch are bonded, acts [sicj. 1 to 3 tertiaiy phospNne 
ligands %wth. in the case of the njthenium compounds, sterically exacting substituents. 
optionally non-photolabile neutral ligands and anions for charge balancing, with the proviso 
that in njthenium (trisphenylphosphine) dihalides or hydride-halides. the phenyl groupe ara 
substituted by C,-C„alkyl. C,-C„hak>alkyl or C,-C„alkoxy. 

The ruthenium and osmium compounds preferably contain 2 or 3 tertiary phosphine groups. 
Phosphine groups in the context of the invention are understood as meaning tertiar) 
phosphines. The number of additional non-photolabile neutral ligands depends on the one 
hand on the number of phosphine ligands and on the other hand on the valency of the 
neutral ligands. Monovalent neutral ligands are preferred. 

In a preferred embodiment, the divalent-cationic ruthenium and osmium compounds to be 
used according to the invention contain 3 phosphine groups and 2 monovalent anwns for 
charge balancing; or 3 phosphine groups, two monovalent or one divalent non-photolabile 
neutral ligand and two monovalent anions for charge balancing; or 2 phosphine groups, one 
monoanionic. additionally monovalent non-photolabile neutral ligands and one monovalent 
anion for charge balancing. 

The meanings and prefen-ed meanings of non-photolabile ligands (also called highly 
coordinating ligands) have been mentioned above. 



-55- 



Sterically exacting substituents in the context of the invention are understood as meaning 
those which shield the ruthenium and osmium atoms sterically. It has thus been found, 
surphsingly, that linear alkyi groups as substituents in the phosphir>e ligands give ruthenium 
compounds without any thermal activity for metathesis polymerization of strair)ed 
cycloolefins. It has also been found that in the case of osmium compounds, linear alkyi 
gr ups as substituents in the phosphine ligands surprisingly have an excellent 
thermocatalytic activity for the metathesis polymerization of strained cyctoolefins; however, 
phosphine ligands with sterically exacting substituents are also preferably used for the 
osmium compounds. It has furthermore been found that the sieric shiefdlns of 
triphenyiphosphine ligands is inadequate in nrthenium dihalkles and ruthenium hydridd- 
halkles. and such catalysts have only a moderate catalytic activity for the metathesis 
polymerization of strained cydooiefins. Surprisingly, the catalytic activity can be incmasad 
conskierably if the tertiary phosphine groups contain phenyl which is substituted by aikyi or 
aikoxy groups. 

Th meanings and preferred meanings of phosphine ligands have been mentkNied above. 
With particular preference, alkyi Rt„ R« and R« are a-branched alkyi. for example of the 
fomiula -CFVRcR^. in which is H or C,-C,2alkyl. Rc is Ci-C,3alkyi and is C-Cjaflcyl or 
unsubstituted or Ci*C4alkyl- or C,-C«alkoxy-substituted phenyl, and the sum of ttie C atoms 
in the radical -CR^^RcRd is from 3 to 18. 

In the osmium compounds used. R^i, Rfa and R« can also be linear aUcyl having 1 to 18. 
preferably 1 to 12, more preferably 1 to 8. and particulariy preferably 1 to 6 C atoms, for 
xample, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl. n-heptyl and n-octyl. 

In a prefen^ embodiment, the phosphine ligands con-espond to the formula XXIII. in whfch 
R^,. R« and R« independently of one another are o-branched Ca-C,alkyl, cyctopentyl or 
cydohexyl whfch are unsubstituted or substituted by Ci-C4alkyl, or phenyl whkrfi is 
unsubstituted or substituted by C,-C4alkyl. CrC4alkyl [sicj C,-C4alkoxy or trifluoromethyl. 
Particulariy preferred examples of phosphine ligands of the formula XXIII are (CbHj),?, 
{C,H,hP. (i.C3H,),P. (C,H„)3P. (i-C4H,)3P. (t.C4H.)3P. IC,H5CH(CH3)1,P. lC,Hs^H(CH^. 
(2-methylphenyl)3P. (2.3-dimethylphenyl)3P, (2,4-dimethylph nyOjP. (2,6-dimethylphenyl),P, 
(2-methyl-4-i-propylph nyl)jP. {2-methyl-3-i-propylphenyl)3P. (2-m thyl-S-i-propylphenyl),?, 
(2.4-di-t-butylphenyl)3P. (2-m thyl-e-i-propylphenyOjP. (2-m thyl-3-t-butylphenyl),P. (2.5^t 
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butylphenyl)jP. (2-methyl-4-t-butylphenyl),P. (2-methyl-5-i-biitylphenyiyjP. (2.3-di-t- 
butylphenyOjP and (2,6-di-t-butylphenyl)3P. 

Examples of and preferred meanings for suitable anions have been mentioned above. 

In a preferred embodiment, the ruthenium and osmium compounds particularly preferabty 
correspond to the fomoulae XXVI. XXVIa. XXVIb. XXVIc and XXVld 



Me^'»{L„),(L«)(Y,®), (XXVI) 

Me»(L,,);(Y,®): (XXVia) 

Me*(L.,),L„((Y,®) (XXVIb) 

Me*»(L„),L,4(Y,®)a (XXVIc) 

Me^,(L^(Y,®), (XXVld) 



In which 

Me is Ru or Os; 

Yt is the anion of a monobasic acid: 

Ln is a phosphine of the formuia XXIII or XXIIIa, 

L,2 is a neutral ligand; 

L,3 is a cydopentadienyl which is unsubstituted or substituted by C,-C«ail(yt: ond 
L,4 is CO. 

The above preferred meanings apply to the individual meanings of L„. L,,. L„ and Y,. 

In a particularly preferred embodiment. L« in fonnula XXVI is a C,-C«alkanol. Y, in fbnnuia 
XXVIb is CI or Br. Y, in formula XXVIc is H. and L„ in the formulae XXVI to XXVIc is tiM- 
propylphosphine. tricyclohexylphosphine. triphenylphosphine or triphenylphosphine which is 
substituted by 1 to 3 C,-C4alkyl in the phenyl groups. 

The mthenium and osmium compounds to be used according to the invention are known or 
can be prepared by known and analogous processes starting from the m tal haHdes (for 
example M X,. (Me{diolefin)X Jj or [Me-aren X,], and reaction with phosphines and agents 
which form ligands. 
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The composition according to the inv ntion can addrtionally comprise other open-chain, 
strained cyclic and/or strairmd polycydic fused olefins which form metathesis poiymers, 
these olefins preferably also containing further double tXMnds and contributing to the 
fomfiatton of crosslinked polymers. The cydic olefins can be monocydic or polycycHc fused 
ring systems, for example with 2 to 4 rings, which are unsubstttuted or substituted and can 
contain heteroatoms, such as. for example, O. S. N or Si. in one or more rings and/or fused 
aromatic or heteroaromatic rings, such as, for example, o-phenylene, o-naphthylene, o- 
pyridinylene or oi)yrimidtnylene. The individuai cydic rings can contain 3 to 16, preferably 3 
to 12, and particutariy preferably 3 to 8 ring members. The cydic olefins can corrtatn further 
nonaromatic double bonds, preferably 2 to 4 such additionai double bonds, depending on 
the ring size. The ring substituents are those whirh are ?nert. that is to say do net \nf^um 
chemical stability of the ofte^mponent catalysts. A large number of such oiefiris md 
cyclooiefins are known, and they are obtainable in a simple nrtanner by Diels-Akier reactkine 
of cydodienes and cydoolefins or polycycSc or polycydic fused oleflns. These cydoolefins 
can correspond, for example, to the formula lla 




in which Q, and Q, have the meanings given for radicals of the formula II, including the 
preferred meanings. 

Some preferred examples of compounds of the formula lla are nortx>mene and norborvMne 
derivatives. Specific examples are: 
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(59). 



H3CX> 




(61). 




(63X 




(65). 



(67). 



CH, («% 



000 



(62X 



(6«X 



*0 



(6<K 



(68) 



(69). 



The composition according to the invention may additionally comprise further noo-volatile 
open<hain comonomers which form copolymers wHh the strained cyctoolefins. With the use 
of for example, dienes at the same time, it is possitrie for crosslinked polymers to form. 
Som examples of such comonom rs are olefinically mono- or diunsaturated compounds 
such as olefins and dienes from th group pentene. hexene. heptene. oct ne. decene. 
dodecylene. acrylic and methacrylic acid, their esters and amid s. vinyl ethers, styrene. 
butadiene, isopren and chlorobutadi ne. 
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The other olefins capable of metathesis polymerization are present in the composition 
according to the invention in an amount, for example, of up to 80% by weight, preferably 
from 0.1 to 80% by weight, more preferably from 0.5 to 60% by weight and. ¥«th particular 
preference, from 5 to 40% by weight, based on the total amount of compounds of the 
formula I and other olefins capable of metathesis polymerization. 

Catalytic amounts in the context of the present invention preferably means an amount of 
0.001 to 20 mol%. more preferably 0.01 to 15 mol%. particularly preferably 0.01 to 10 mol%. 
and especially preferably 0.01 to 5 mol%. based on the amount of the menemsr. Bscsusa of 
the high photocatalytic activity of ruthenium and osmium catalysts containing phospWne 
groups, amounts of 0.001 to 2 % by weight are especially preferred in this case. 

The composition according to the invention can comprise solvents, especially if they are [sicl 
used for the production of coatings. 

Suitable inert solvents are, for example, protic polar and aprotic solvents, which can be used 
by themselves or in mixtures of at least two solvents. Examples are: ethers (dibutyl ether, 
tetrahydrofuran. dioxane. ethylene glycol monomethyl or dimethyl ether, ethylene glycol 
monoethyl or diethyl ether, diethylene glycol diethyl ether, triethylene glycol dimethyl ether), 
halogenated hydrocarbons (methylene chloride, chloroform. 1.2-dichloroethane. 
1.1 .l-trichloroethane. 1 .1.2.2-tetrachloroethane). carboxylic add esters and lactones (ethyl 
. acetate, methyl propionate, ethyl benzoate. 2-methoxyethyl acetate, y-butyrolactone. 
fi-valerolactone. pivalolactone). carboxylic add amides and lactams 
(N,N-dimethylfonnamide. N.N-diethylfonnamide. N.N^imethylacetamide. tetramethylurea. 
hexamethylphosphoric add triamide. Y-butyrolactam. €-caprolactam. N^ethylpyrroWone. 
N-acetylpyrrolkJone, N-methylcaprolactam). sulfoxides (dimethyl sulfoxide), sulfones 
(dimethyl sulfone. diethyl sulfone. trimethylene sulfone. tetramethylene sulfone). tertiary 
amines (N-methylpiperidine. N-methylmorpholine). aliphatic and aromatic hydrocarbons, 
such as. for example, petroleum ether, pentane. hexane. cyclohexane. methylcyclohexane. 
benz n or substituted benzenes (chl robenz ne. o-dichlorobenzen . 
1,2.4-trichlorobenz ne. nitrobenzen . toluene, xylen ) and nitrites (acetonitrile. propionitrile. 
benzonitrile. ph nylacetonltrile). Pref rred solvents ar aprotic polar and non-polar solvents. 

Th choice of solvents depends chiefly on the properties of the one-component catalysts, 
whidi should not be d activated by the solvents used. Ruthenium and osmium catalysts can 
v.- tooether with ool- orotic solvents, such as. for xampi . water or alkanols. These 
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catalysts are also insensitive to air. oxygen and moistur . and corresponding crosslinkaWe 
compositions can be processed wrthout particular protective measures. In the case of the 
other one-component catalysts, the exclusion of oxygen and moisture is advisable. The 
compositions are storage-stable, storage in the dark being advisable because of the 
sensitivity to light. 

The composition according to the invention can comprise fomnulation auxHiaries. Known 
auxiliaries are antistatics, antioxidants. Hght stabilizers, plastidzefs. dyes, pipnents. f!Befs 
reinforcing fillers, lubricants, adhesion promoters. viscosltyHncreastng agents and mould 
release auxiliaries. The fillers can be present in surprisingly high proporiions without 
adversely affecting the poiymerization, for example-in amounts of up to 70% by weight 
preferably firom 1 to 70% by weight more preferably Inm 5 to 60% by weight with particular 
preference from 10 to 50% by weight and. especially preferably, from 10 to 40% by weight 
based on the composition. RHers and reinfoidng fillers for improving ttie optical, physical 
mechanical and electrical properties have been disclosed in large numbers. Some examples 

are glass and quartz in the form of powders, spheres and fibres, metal oxides and semi- 
metal oxides, carbonates such as MgCOj. CaCO,. dolomite, metal sulfates such as gypsum 
and heavy spar, natural and synthetic silicates such as talc, zeolites. woRastonita. (Wspars. 
aluminas such as china day, ground minerals, whiskers, cartxMi fibres, polymer fibres or 
polymer powders, and carbon black. Viscosity-increasing agents are. in paitkuiar. 
metathesis polymers which have olefinicaily unsaturated groups and can be jntpfpofatej 

into the polymer in the course of polymerization. Such metathesis polyiners are known a^ 
are obtainable commerctally. for example, under the trade name VestenamereO. Other 

viscosity-increasing agents are polybutadiene, polyisoprene or polychhjrobutadiene, and 
also copolymers of butadiene, isoprene and chk)roprene with olefins. The viscosity- 
increasing agents can be present in an amount of from 0. 1 to 50% by weight, preferably 
from 1 to 30% by weight and with partknjiar preference, from 1 to 20% by weight based on 
the composition. When fillers are used it is judicious to obtain optical transparency for the 
polymerization or to carry out the polymerization in thin layers. 

The invention also relates to a process for the preparation of crosslinked polymers by 
metathesis poiymerization. which is charact rized in that a compositk)n of 
(a) at least one compound of the formula I 



(A)„-B 



(I). 
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in which A is the radical of a strained cyclootefin. B is a direct t)ond or an rvvalent bridging 
group and n is an integer from 2 to 8. and 

(b) a catalytic amount of at least one one-component catalyst for a metathesis 
polymerization which can be activated by heat or radiation. 

with the exception of norbomenecarboxylic acid (norbomenemethyl) ester of the formula 



in combination with a catalytic smownt of ai least one heat-stable molybdenum(VI) or 
tungsten(VI) compound which contains at least two methyl groups or tm» monosutetitutad 
methyl groups bonded to the metal, the substituent containing no hydrogen atom in the a 

position. 

(c) is subjected to polymerization by heating. 

(d) is subjected to polymerization by irradiation. 

(e) is subjected to polymerization by heating and in^diation. 

(0 the one-component catalyst is activated by brief heating and the polymerization is ended 
by irradiation, or 

(g) the one-component catalyst is activated by brief inadiation and the polymerization is 
nded by heating. 

Heating can mean a temperature of 50 to 300*C. preferably 60 to 250*C. particularly 
preferably 60 to 200*C. and especially preferably 60 to 150X. The polymerization times 
especially depend on the catalyst activity, and the time can extend from minutes to several 



In the process according to the invention, it is not necessary to maintain the in^diation of the 
reaction mixture over the entire duration of the reaction. Once the polymerization has been 
initiated photochemically. the subsequent course of the reaction takes place independently, 
even in the darii. The irradiation is advantageously carried out with light having a vtraveiength 
in the range from 50nm to 1000 nm. preferat)ly in the rang from 200 nm to 500 nm and 
especially preferably in the UV range. The duration of the irradiation depends on the nature 
of th light source. Suitable sources of in^diation are. for example, the sun. laser. X-ray and. 
in particular. UV radiation sources. UV lasers or UV lamps ar preferably employed 
according to th invention. The catalyst can be irradiated t)oth before or during as well as 
after addition of the monomer. 




hours. 
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SuitaWe irradiation times are from one second to several hours, in particular minutes to 
hours. The sequence of addition of monomers and catalyst is not critical. The monomer can 
be both initially introduced into the reaction vessel and added after introduction of catalyst. 
Likewise, the catalyst can be pre-irradiated and the monomer can then be added. It is 
furthermore also possible to irradiate the solution comprising catalyst and mof»omer. 

In the case of irradiation, the process according to the invention is preferaMy carried out at 
room temperature to slightly elevated temperature An ifwrresss in teniperaiure serves to 
increase the rate of reaction. The catalysts used inSiate thennal metathesis potymerization 
per se, with crosslinking. at tfw temperatures chosen only in exceptional cases. At the 
temperatures chosen to accelerate the reaction, photopolymerization therefbra chiefly takes 
place. However, it should be mentioned that the catalysts can be converted into 
thermoactive catalysts by adequate irradiation. 

In particular, the process according to the invention is carried out with irradiation preferably 
at temperatures of -20 to +110'C. particularly preferably 20 to 80"C. 

The duration of irradiation espectaUy depends on the desired reaction procadura. Brief 
irradiation is chosen, for example, if the polymerization is to be only initiated by irradiation 
and is to be ended by heating. Brief can mean an irradiation time of up to 60 seconds, 
preferably 5 to 60 seconds, and particularly preferably 10 to 40 seconds. A longer wradiation 
. time is chosen, for example, if the polymerization is to be carried out chiefly with irradiation 
and the final polymerization is to be ended only by after-heating. 

A quite particular and surprising advantage of the process according to the invention is that 
the one-component catalysts used act as thennal catalysts after the irra<fiation. This results 
in the possibility of continuing and ending the polymerization by supplying heat after a short 
irradiation time, which offers economic and industrial advantages in various areas of the 
production of shaped articles or coalings. 

The present invention furthermor relates to crosslinked metathesis polymers of at least one 
compound of the formula I 

{A)„-B (I) 
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in which A is the radical of a strained cyclootefin, B is a direct bond or an n-valenl txidgmg 
group and n is an integer from 2 to 8. and if appropriate other monomers capable of 
metathesis polymerization, with the exception of norlwmenecarboxylic acid 
nortx)menemethyl ester. 

Materials for production of shaped articles by machining, or. directly, all types of shaped 
articles, as well as coatings and images in relief, can be produced by the process according 
to the invention. 

The polymers according to the invention can have very different properties, dependng on 
the monomer used. Some are distingushed by a very high permeability to oxygen, low 
dielectric constants, good heat stability and low absorption of water. Others have 
outstandi.ia optical properties, such as. for example, high transparency and low refractive 
indices. The low shrinkage is furthermore to be emphasized in particular. They can therefiore 
be used in very different irnlustrial fields. 

As layers on the surfaces of earner materials, the compositions according to the invention 
are distmguished by a high a(tt>esive strength. The coated materials are furthermore 
distinguished by a very high surfoce smoothness and gloss. Of the good mechartical 
properties, the low shrinkage arxl the high impact strength are to be emphasized k\ 
particular, as well as the heat stat>ility. Easy removal from the mouki during processir>g in 
mouMs arxi the high resistance to solvents are furthermore to be mentk}ned. 

These polymers are suitable for the production of medical equipment, implants or contact 
lenses: for the productk>n of electronic components: as binders for coatings: as photocurat)te 
compositions for model constructkKi or as adhesives for gluing sut>strates with ksw surface 
energies (for example Teflon, polyethylene and polypropylene), as well as a 
photopolymerizabie composition in stereoiithography The compositions according to the 
invention can also be used for the production of coatings by photopolymerization. it being 
possible on t>>e one har^l for dear (transparent) and even pigmented compositions to be 
used Both white and colored pigments can be used. 

The compositions according to the invention are particulariy suitable for the production of 
protective coatings and imag s in relief. The inv ntion also relates to a variant of the 
process acc rding to the invention for the prcxjuction of coated materials or relief images on 
carrier materials in which a corhposition acc rding t the invention and optionally solvent is 
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applied as a layer to a carrier, for example by dipping, brushing, pouring, rolling, knife- 
coating or whirter pouring processes, the solvent is removed, if appropriate, and the layer is 
irradiated or heated for polymerization, or the layer .s irradiated through a photomask and 
the non-irradiated portions are then removed wrth a solvent This can be followed by thermal 
conditioning. Surfaces of substrates can be modified or protected by this process, or. for 
example, printed circuits, printing plates or printing rolls can be produced. In the production 
of printed circuits, the compositions according to the invention can also be employed as 
solder resists. Other possible uses are the production of screen printng masks and the use 
as radiatioriHajrable printing inks for offset, screen and fiexographic printing. 

The present invention furthennore relates to a coated carrier material, which is charactarizad 
in that a layer of a composition according to the invention is applied to a substrate. 

The present invention also relates to a coated substrate ^ a cured layer of a composition 
according to the invention. The exceptionally high adhesive strength of the layws. even on 
metal surfaces, deserves particular emphasis, even if the polymeis are pure hydrocartion 

polymers. 



Suitable earner materials are. for example, those of glass, minerals, ceramics, plastics. 
v¥ood. semi-metals, metals, metal oxktes and metal nitrides. The layer thkAnesses 
essentially depend on the desired use and can be. for example. 0.1 to 1000 pm. preferably 
0.5 to 500 pm. particularty preferably 1 to 100 pm. The coated materials are distinguished by 
a high adhesive strength and good thermal and mechanical properties 

The production of the coated materials according to the invention can be carried out by 
known methods, such as. for example, brushing, knife-coating, pouring processes, such as 
curtain coating or whirier pouring. 

The compositions according to the invention are also suitable for the preparation of mbber- 
like or thermoplastic polymers, which can be crosslinked still further if they contain reactive 
groups, such as. for example, (meth)acrylate or epoxide groups. 

The compositions according to the inv ntion can also t>e used as adhesives. which can be 
cured by heat or by m ans of radiation, for firmly joining the most diverse materials, it being 
possible for outstanding peel strength to be achieved. 
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The polymers according to the invention are in particular also distinguished by very good 
physico-mechanical properties, such as. for example, high heat stability, breaking and 
flexural strength and impact strength and outstanding electrical properties, such as, for 
example, low surface tensions and charges (very low € and tan 6 values), in addition to the 
high adhesive strength, the outstandir)g processing properties, the good surfoce properties 
(smoothness, gloss), the high aosstinking density and the resistance to solvents and other 
liquids. The high permeability to oxygen and the low absorption of water are furthermore to 
be mentioned. Polymers built up only from cart>on and hydrogen are particuiarty vakiahu 
ecologica!!y, since thay can be recycied completely, for example by pyrrotysis [sec]. 

The following examples illustrate the invention in more detail. 
A) Preparation of biscvdoolefins 

Example A1: Preparation of compound No. 0 (see EP 287,762). 

70 g (0.86 mol) of 1 ,5-hexadiene and 56 g (0.42 md) of dicydopentadiene are mixed in an 
autodave and the mixture is heated at 190*C for 8 hours. After cooling, the mixture is 
distilled in vacuo. 32.6 g (36 %) of product are obtained as a colourtess liquid at 80 to 110*C 
under 0.28 to 0.30 mbar r^ = 1 525. 

Elemental analysis: calculated C 89.65; H 10.35; 

found C 89.72; H 10.13. 

Example A2: Preparation of compound No.2. 

35 g (0.32 mol) 1 ,7-octadiene and 28 g (0.21 moO of dicydopentadiene are mixed in an 
autodave and the mixture is heated at 190*C for 8 hours. After cooling, the mixture is 
distilled in vacuo. 6.7 g (13 %) of product are obtained as a colourtess liquid at 100*C under 
0.21 mbar; n? = 1.516. 

Elemental analysis: calculat d C 89.19; H 10.81; 

found C 89.50; H 10.60. 
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Example A3: Preparation of compound No. 3 

34.6 g (0.25 mol) of 1 .S^iecadlene and 33. 1 g (0.25 mol) of dicydopentadiene are mixed in 
an autodave and the mixture is heated at 190*C for 8 hours. After cooling, the mixture is 
distilled in vacuo. 11.4 g (17 %) of product are obtained as a colourless liquid at 80 to 100*C 
under 0.24 mbar; no* = 1 504, the liquid becoming solid at room temperature. 
Elemental analysis: calculated C 88.82; H 11.18; 

found C 88.62; H 11.18. 

Example A4: Prcparatiori of compound No. 20 

§9.7 g (0 40 md) of triallyl cyanurate and 79.3 g (0.6 mol) of dicydopentadiene are mixed in 
an autodave and the mixture is heated at 190*C for 8 hours. After cooling, 160 g (89.4 %) of 
a brownish resinous solid having a melting point of of {sic] SOX, which is soluble in toluene 
and chtorofomn, are obtained. 

Elemental analysis: calculated C 72.46; H 7.43; N 9.39. 

found C 72.21; H 7.52; N 9.32. 

A') Preparation of oonrw>rK>mer8 

Example A'1: Preparation of compourui No.59 

100 g (0.92 mol) of 1,5-cydooctadiene and 200 g (1.51 mol) of dicydopentadiene are mixed 
together with 0.4 g of hydrqinnone [sic] monomethyl ether in an autodave and the mixture is 
heated at 190*C for 3 hours. After cooiing, it is distilled in vacuo. 73.5 g (33 %) of product 
are obtained as a colourtess liquid at 1 10*C under 4.6 mban = 1.534. MS: = 240. 

El mental analysis: calculated C 89.92; H 10.06; 

found C 90.11; H 9.04. 

Example A'2: Preparation of compound No.65 

64.9 9 (0.40 mol) of 1 .5.9-cydododecatri ne and 79.3 g (0.60 mol) of dicydopentadiene are 
mixed in an autodave and the mixtur is heated at 190'C for 8 hours. After cooling, it is 
distilled in vacuo. 22.6 g (16 %) of product ar obtained as a colourless liquid at 50 to 60*C 
und r 0.04 mbar; n? = 1541. MS: M* = 360. 
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Etemental analysis: calculated C 89.94; H 10.06; 

found C 89.96: H 9.90. 

Example A'3. Preparation of compound No.63 

92.1 g (1.00 md) of cydoheptatnene and 198.3 g (1.50 mol) of dicydopentadiene are mixed 
in an autodave and the mixture is heated at 190'C for 8 hours. After coding, it is <fi8t3led bi 
vacuo. 80.6 g (28 %) cf product are ot>tained as a colourless Squid at 75'C under 0.12 mbar, 

vS* = 1.542. MS; W = 290. 

Elemental analysis: calculated C 90.98; H 9.02; 

found C 90.71; H 9.31. 

Example A'4: Preparation of compound No. 64 

100 g (1.09 nx)l) of norbomadiene and SO g (0.38 mbl) of dicydopentadiene are mixed 
together with 0.2 g of hydroquinone monomethyi ether in an autodave arxJ the mixture is 
heated at 190*C for 3 hours. After cooling, it is distilled in vacuo. 25.0 g (29 %) of piodud 
are obtained as a colourless liquid at 35*C under 0.25 mt>ar. = 1.532. MS: M* « 224. 
Elemental analysis: calculated C 91.01; H 8.99; 

found C 90.94; H 9.01. 

Example A'5: Preparation of compound No.66 

80.2 g (0.50 mol) of cydododecene and 33.05 g (0.25 mol) of dicydopentadiene are mixed 
in an autodave and the mixture is heated at 190*C for 8 hours. After cooling, it is <£8tatod in 
vacuo. 8.10 g (7 %) of product are obtained as a colourless liquid at 61 *C under 0.12 mbar. 

=1.528. MS: M' = 232. 
Elemental analysis: calculated C 87.86; H 12.14; 

found C 87.98; H 11.72. 

Example A'6 : Preparation of compound No. 68 

104.25 g (1.5 mol) of isoprene (98 %). 208.7 g (I S mol) of dicydopentadiene (95 %) «>d 
1.0 g of t rt-butyl-pyrocatechol are mix d and the mixture is heated at 200*C for 8 h under 
N] with stirring in an autoclav . Aft r cooling, the semisolid mass is distilled under a high 
vacuum. 
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Boiling point: 60*C (0.07 mbar). Yield: 202.4 g (67.4 %). no = 153 
Elemental anatysis; calculated C 89.94; H 10.06 

found C 89.85; H 10.08 

Example A7 : Preparation of compound No. 69 

139.2 g (1 .0 mol) of dicydopentadtene (95 %). 194.2 g (2.0 mol) of 2wiorbomene {S7 %) arid 
3.0 g Of tert-lxjtyt*pyrocat6chol are mixed and the mixtors fe heated at tor 2 h under 
N2 with stirring in an autoclave. After cooling, the semisolid mass is distilled under a high 
vacuum. Boiling point: 65*C (0.065 mbar). Tield: 69.0 g (21.5 %). r^ = 1,54 
Elemental analysis: calculated C 89.93; H 10.07 

found C 90.07; H 9.88 

B) Preparation of cfosslinked polvmers. 

The catalysts used are: 

A) W(=NC»H5)I0C(CH,)J(CH^K(CH^CI 

B) W(=NC»H5)[OCCH,(CF3)JICH,Si((CH3)J, 

C) RuCI}(p-cumene)P(C,H,t)3 

Example B1: 

The compound accordirig to Example A1 is mixed with 0.7 % by weight of catalyst A arxt ttie 
mixture is poured into a glass mould. It is then irradiated at room temperature in a UV oven 
for 30 minutes (4 tubes of 100 W output) and then subjected to thermal polymerization at 
80*C for 1 hour. A dimensionally stable sheet. Tg 75*C (determined by means of jlifterential 
scanning calorimetry) is obtained. The polymer swells in toluene without dissolving. The low 
degree of swelling of 44 % indicat s a high crosslinking d nsity. 

Example 82: 

The mixture according to Example B1 is irradiated only with a 200 W mercury medium- 
pressure vapour lamp. A dimensionally stable sheet, T^ 60*C, is obtained. The degree of 
swelling in toluene is 54 %. 



-72- 



Exampte B3: 

The procedure is as in Example B1. but with 1 % by weight of catalyst and an addttonai 
thermal after-curing at 100'C tor 30 minutes. A dimensionally stable sheet with a deiaity of 
1 .06 g/cm\ a T, of 125*C and a modulus of elasticity of 2210 NAnm' is obtained The Shore 
O hardness is 85 and the degree of swelling in toluene is 54 %. 

Example B4: 

The compound according to Example Ai Rf»sed with 1 % by wai^ of catalyst B and the 
mixture is poured into a glass mould, it is irradiated at room temperature in a UVowen 
according to Example B1 for 2 houre and then polymerized at 80*C fbr 30 minuM. at 100*C 
for 30 minutes and at 120*C for 30 minutes. A dimensionaly stable sheet witt) a daraiy of 
1 .06 g/cm', a T, of 125X and a nKXlulus of elasticity of 2390 N/mm' is obtained^ the 
maximum stress is 40.4 N/mm'. the maximum extension is 2.0 % and the impact strength 
(according to Charpy) is 8.9 kUm^. The degree of swelling in toluene is 2000 %. 

Examples B5 to B13: 

The monomer preparsd according to Example [tacunal is mixed with 0.5% by watgN of 
catalyst C and the mixtive is poured into a glass moidd. Thermal curing is carried out at 
60*C for 1 h. at 80'Cfbr 1 h. at 100*C for 1 h and 120*C for 2 h. After-curing takes piece at 
150*C for 2 h. The following table shows the results. 
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T^: 'C; swelling: in toJuen ; *: following after-curing 
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PATENT CLAIMg- 

1. Compounds of the formula I 

(AX.-B (I). 

in which A Is the radical of a st ^ned cydoolefin. B is a direct bcrKf or an n-valant brWgftig 
group, and n is an intes«r from 2 to 8. with the exception of 1.2-bisnorbomenyl-elhane and 
nortxmwnecartoxyllc add nofbonnenemethyl ester. 

2. Gempounds aa»rding to daim 1, characterized in that the cy^ 

polycycfic Hoed and/or bridged ring systems which are unsubstituted or substituted and can 

contain heteroatoma O. S, N or SI in one or more rings and/or ftised aJicycHc. aromatic or 
heteroaromatic rings. 

3. Compounds according to daim 2. characterized in that the Individual cyclic rings coi^ 
t 16 ring members. 

4. Compounds according to daim 2. characterized in that the cycSc rings contain 3 to 12 ring 
members. 

5. Compounds according to daim 2. charaderized in that the cydic rings contain 3 to 8 ring 
memt>er8. 

6. Compounds according to daim 1. charaderized in that the radical of a strained cwdoolefin 
corresponds to the formula II 




Q, is a radical having at least one carbon atom which, together with the -CH=CQj group, 
forms an at least 3-nr>emt>ered alicydic ring which optionally contains one or more 
heteroatoms chos n from th group consisting of silicon, phosphorus, oxygen, nitrogen 
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and suffur and which is unsubstituted or substituted by halogen. =0. -CN. -NO 
R.R.R,Si-(OX.-. -COOM. -SO,M. -PO,M. -C0O(M,)„. -SO,(M,),„. -PO,(M,)«. C,.C»allcyl. 
C,-C»hydroxyalkyl. C,-C»haloalkyl. C,-C,cyanoalkyl. C,-Ccydoalkyl. C^C,^. 
C,-C„aralkyl. C,-C,heterocycloalkyl. C,-C„heteroaryl. C,-C,^tefoafalkyl or R^-X-; or in 
which two adjacent C atoms are substituted by -CCM>CO- or -CO-NRj-CO-; or in which 
an aromatic or heteroaromatic ring and/or further alicydic rings which is [sic] 
unsubstituted or substituted by halogen, ^N. -NOj. R,RtR,SKOX,-. -COOM. -SOjM. - 
PO,M. -COO(M,W SO^mm. -PO^M,)^. C,-C^lkyl. C,-Cjohatoallcyl. 
Ci-C^ydroxyalkyl. C,-Ccyanoalkyl. C,-C,cycloaJkyl. C,.C„aryl. CrC„aradcyl, 
Cj-C,heterocydoajky!. Gi-C„hst6iuaryl, C«-C,^eroarall(yl or R„-X,- ar» optional^ &eed 
onto adjacem carbon atoms of the aKcydic ring; 
X and X, independently of one another are -0-. -S-. -CO. -SO-. -SOr. -0-C(OK •C(0)-0-. 

-C(0)-NR,.. •NR,a-C(0)-. -SOj-C or -OSOg-l 
R,. R, and R, independently of one another are C,-C„alkyl. C,-C„pef1luoroalkyl. phenyl or 
t>enzyl: 

R4 and R„ independently are C-Cgaikyl. C,-C»haloallcyl. C,.C»hydroxyalkyl. 

C,.C,cycloalkyl, C,-C,^l or CrC„ara«cyl: 
R, and R,o independently of one another are hydrogen. C,-C„allcyl. phenyl or benzyl, whara 

the alkyi groups in turn are unsubstituted or substituted by C-Calkoxy or 

Cj-Cscydoalkyl: 

R,. R7 and R, independently of one another are C,-C„alkyl. Ct-C,rf)effluoro8lkyl. phenyl or 
benzyl: 

M is an alkali metal and M, is an alkaline earth metal; and 
uisOor 1; 

where the alicydic ring fonmed with Q, optkmally contains further non-aromatic double 
bonds: 

Q, is hydrogen. C,-C;oa»cyl. C,-C^loalkyl. C,-C,^lkoxy. halogen. -CN or R„-X,; 
R„ is C,-Ca^lkyl, C-Ca^taloalkyl. C,-Caohydroxyalkyl. Cj-Cjcydoalkyl. C,-C„aryl or 

CrCaralkyl; 
X, is -C(0>-0- or -C(0)-NR„-; 
R,, is hydrog n. C,-C,^lkyl. ph nyl or benzyl; 

wher the abovementioned cydoalkyl. heterocydoalkyi, aryl. heteroaryl. aralkyi and 
heteroaraJkyI groups are unsubstituted or substituted by CcCjalkyl. C,-C„alkoxy. -NO,. -CN 
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or halogen, and where the heteroatoms of the abovementioned heterocydoalkyl. heteroaryt 
and heteroaralkyi groups are chosen from the group consisting of -O. -NR.- and -H^; 
and 

R, is hydrogen. C,-C,^lkyJ. phenyl or benzyl. 

7. Compounds according to claim 6. characterized in that, in formula II. Q, is hydiogea 

8. Compounds according to daim 6. characterized in that, in (brmuia II. the aNcydie ffaig 
^Kh Q, forms logeiher with the -CHsCQ,. group contains 3 to S ring atoms. ^ ring tjeihg 
a mohocydic, l)icydic. tricyclic or tetracydic ring system. 

9. Compounds according to daim 6. characterized in that the radical of a strained cydoolefin 
corresponds to the fomnula II. in which 

Q, is a radical with at least one carbon atom which, together with the -CH^CQr flroup. 
fonns a 3- to 20-membered alicydic riTH) which optionally contains one or more 
heteroatoms chosen firom the group consisting of silicon, oxygen, nitrogen and sulftir and 
which is unsubstHuted or substituted by halogen. «0. -CN. -NOt. RiRjRsSKOX.-. -COOM. 
-SOjM. -PO,M. -COO(M,)w. -SO,{M,)w. -PQ,(M,),,. C,-C„alkyl. C,-C„haloa*yl. 
C,-C„hydroxyalkyl. C,-C,cyanoalkyl. Cj-Ccydoalkyl. C,-C,^ryl. CrC,jaialkyl. 
C,-C,heterocydoalkyl. C-C„heteroaryl. C,-C„heteroaralkyl or R^-X-; or in which two 
adjacent C atoms in this radical Q, are substituted by -CO-O-CO- or -CO-NRrCO-: or in 
which an aromatic or heteroaromatic ring and/or further alicydic rings which we 
unsubstituted or substituted by halogen. ^:n. -NO,. R,RrR^i., -COOM. -SO»M. -PO,M. 
-C0O(M,)w. -SO,(M,)„. -PO,(M,)w. C,-C,,allcyl. C,-C,pialoalkyl. C,.C„hydroxyallcyl. 
C,-C,cyanoalkyl, C,-Ccydoalkyl. C,-C,jaryl. CrC,,aralkyl. C>Cheterocydoalkyl. 
C,-C,,h8teroaryl. C4-C„heteroaralkyl or Rtj-X,- are optionally fused onto adjacent carbon 
atoms; 

X and X, independently of one another are -0-, -S-. -CO-. -SO-. -SO,-. -0-C(0>-. -C(0)-0-. 

-C(0)-NR,-. -NR„rC(0>-. -S0,-O- or -O^O,-; and 
R,. R, and R, independently of on another are C,-Cealkyl. Ci-Caperfluoroalkyl, phenyl or 

t)enzyl; 

M is an alkali m tal and M, is an alkaline earth metal: 
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R. and R„ Independentfy of one another are C,-C,^lkyl. C,<:,^ioalkyl. C,-C,^ydroxyallcyl 

CrC,cydoalkyl, C,-C,^ry| or CrC„araH(yl; 
R, and R„ independently of one another are hydrogen, C,-C,alkyl. phenyl or benzyl, 
where the alkyi groups in turn are unsubstrtuted or substituted by C,-C^ncoxy or 

Cj-CcycloalkyI: 

R* R. and R, independently of one another are C-Calkyl. C-Cjwrfkioioalkyl. phenyl or 
tenzyl; 

u is 0 or 1; 

where the alicydic ring fboned wHh Q, ontionally contains fiiriher non-aromatic double 
bonds: 

Q, is hydrogen. C,.C,^kyl. C,-C„haloallcyl. C,-C^lkoxy. hatogen. -CN or R„.X,.; 

R,. is C,-C„allcyl. C,-C„haloaikyl. C,-C,^ydroxyalkyl. C,-C^cloalkyl. C,^^ or ^ 

CrC,jarallcyl; 

X, is •C<0)-0. or -C(0)-NR„.- and 

R« is hydrogen. C,-Calkyl. phenyl or benzyl. 

and where the cydoalkyl. heterocydoaikyl. aryl. heteroaryl. araikyt and heteroaralkyl groups 
are unsubstihited or substituted by C,-C^lkyl. C.-Calkoxy. -NO^ -CN or hatogen. and 
where the heteroatoms of the heterocyctoalkyi. heteroaryl and heteroaralkyl groups are 
chosen from the group consisting of -0-. -S-. -NR.. and .N»: and R, is hydrogen. C-CaOcyl. 
phenyl or benzyl. 

10. Compounds according to daim 6. characterized in that the radical of a strained 
cydoolefin corresponds to the fbroiula 11. in which 

Q, is a radical with at least one carbon atom which, together with the -CH=CQ,- group, 
fornis a 3- to 10-membered alicydic ring which optionally contains a heteroatom chosen 
from the group consisting of silicon, oxygen, nitrogen and sulfur and is unsubstituted or 
substituted by halogen. -CN. -NO,. R,R^,Si-. -COOM. -SO,M. -PO,M. -COO(M,)„,. 
-SO,(M,),/,. -PO,(M,),o. C,-C,alkyl. C,-C,haloalkyl. C,-C,hydroxyalkyl. C,-C«cyanoalkyl. 
Cj-Ccydoalkyl. phenyl, benzyl or R^-X-; or in which an aromatic or heteroaromatic ring 
which is unsubstituted or substihJted by halogen. -CN. -NO,. R,R,R,Si-. -COOM. -SO^I. 
-PC,M. -COO(M,),«. -SO,(M,),«. -PO,(M,),„. C,-C,alkyl. C,-C,hak)alkyl. 
C,-C,hydroxyalkyl. C,-C4cyanoalkyl. Cj.C,cycloalkyl. ph nyl. benzyl or R„.X,- is optionally 
fused onto adjacent cart>on at ms; 
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R,. R, and R, independently of one another are C,-C,alkyl. C,-C«perfluoroalkyl. phenyl or 
benzyl; 

M is an alkali noetal and M, is an alkaline earth metal; 

R4 and R,3 independently of one another are C,-C,alkyl. C,-C,hak)alkyl. C.^ydroxyalkyl 
Cj-Cscydoaikyi; 

X and X, independently of one another are -0-. -S-. -CO-. -SO- or -SOr; 

R«. R7 and R, independently of one another are C,-C4alkyl. C,-C«perfluofoalkyl. phenyl or 

benzyi; and 
Qj is hydrogen. 

1 1 Compounds according to daim 6, characterized in that the cyck>otefin radical of the 
formula 11 is unsul)stituted or substituted cyctopropenyl. cydobutenyl. cydopentenyl. 
cydoheptenyi. cydooctenyl, cydopentadienyl. cydohexadienyl, cydoheptadienyl. 
cydooctadlenyl and nortwmenyl or nort)omenyi derivatives. 

12. Compounds according to daim 6. diaraderlzed in that the cydoolefin radical of the 
formula II is a radical of the formula III 




in which 

Xj is -CHR,8-. oxygen or sulfur 

R,4 and R,s independently of one another are hydrogen, -CN. trifluoromethyl. (CHJjSi-O-. 
(CHj)3Sh or -COORu; and 

R„ and R,, independently of one anoth r are hydrogen. C,-C,7-alkyl. ph nyi or t>enzyl; 
or of th formula IV 
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(IV), 



in which 

X4 is -CHR,9-. oxygen or sulfur; 

R,« is hydrogen. Ct-Ctjalkyl, phenyl or benzyl; arxl 

Ri« is hydrogen. C,*C«alkyi or halogen. 

13. Compounds according to claim 6, characterized in that the cyciootefin radical of the 



14. Compounds according to claim 1 . characterized in that, in formula i. n is an integer from 
2 to 6. 

15. Compounds according to claim 1. characterized in that, in formula i. n is an integer from 
2 to 4. 

16. Compounds according to daim 1, characterized in that, in formula I. n is the numt)er 2 or 

3. 

17. Compounds according to claim 1. charactenzed in that, in formula I. B is an n-valent 
bridging group. 



formula II is nortx>menyl of the formula 
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18. Compounds according to daim 1. characterized in that th iKidging group corresponds 
to the formula V 



-Xj-Rjo-Xe- (V) 

in which 

X, and X, independently of one another are a direct bond, -CH,-0.. -€(0)0.. 

-0(0)0-. ^:H,.0(0)C-. -C(0).NR,... .R,.N-(0)0.. .NH.C(0)-NR„.. .0-C(0)-NH.. 

-CH,-0-C(0)-NH- or -NH-C(0).0- and 
R„ is CrC„alItytene. Cj-Ccydoaikyi-ne which is unsut)stituted or substituted by c,^«aSryi 

or C,-C4ajk0)ty. Cs-C„anrten« or CrC„aralkylene which are unsubstrtuted or substituted 

by C^^lltyl or C.-C^alkoxy. or polyoxaaikylene having 2 to 12 oxaalKytene units and 2 to 

6 C atoms in the allcylene. and 
R„isHorC,-C,aikyl. 

19. Compounds according to daim 18. characterized in that, in formula V. 

a) X, and X, are a direct bond and R„ is Cj-C„alkylene. or 

b) X5 and X, are -0-. -CHyO-. -C(G)0-. -0(0)C-. -CH,-0(0)C-. -C(0).NR„.. -0-C(0)-NH- 
or -CHrO<:{0)-NH.. and R„ is C,-C,aalkylene. phenylene. naphthytene or benzyiene which 
are unsubstihjted or substituted by C-C^alkyl or C,-C«all(oxy. or •Ra-(O.Ra-).-ORa.. in 
which X is a number from 2 to 4. and Rq is -Cj-C^alkylene. 



20. Compounds according to daim 18. charaderized in that they are chosen from the 
following group of compounds: 
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^^^^i>-CH/>1,CH,CHjCH2CM,CMjCM, — 
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(5). 



(6) 



(7X 



i^^:^^ CH/><(CH3) 



(9). 



(10), 



(11). 



,^^:^^^i>qO)NHCH2CH2CH2CH2NH(0)C--^^ 

^^^COjCHj-^^-^ (I3a). 
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(14). 




CH,0(0)C-CeH4^(0)OH2C T^^^ 



k 

I (16)and 




1 H,C,CH, 



i (17). 
N><2-NH-C(0)^C-2;^3f^ 

21. Compounds according to claim 1. characterized in that the bridging group corresponds 
to the formula Vl 

I 

in which 

X. X. and X, are -0-. -CH,-0-. -C(0)0-. .0(0)C-. -CH,-0(0)C-. -C(0)-NR„-. -R,,N-(0)C- 
-NH.C(0).NR„-. .0-C(0).NH.. -CH,-0-C(0)-NH- or -NH.C(0)-0-. and 
R„ is a trivalent aliphatic hydrocarbon radical having 3 to 20 C atoms, a trivalent 
cycloaliphatic radical which has 3 to 8 ring C atoms and is unsubstituted or substituted by 
C,-C,alkyl or C,-C,alkoxy. or a trivalent aromatic radical which has 6 to 18 C atoms and is 
unsubstituted or substituted by C,-C,alkyl or C,-C.alkoxy. a trivalent araliphafc radical which 
has 7 to 19 C atoms and is unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy or a 
trivalent heteroaromatic radical which has 3 to 13 C atoms and 1 to 3 h t roatoms from the 
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group consisting of .0-. -N- and -S- and is unsubst.tuted or subsMuted by C,-C.alkyl or 
C,-C,alkoxy. and R„ is H or C,-Cealkyl 

22. Compounds according to claim 21. charactenzed in that X,. X, and X, are -0-. -CH,-0- 
-C(0)0-. -0(0)C-. -CH,-0(0)C-. -C(0)-NR„-. -CH,-0-C(0)-NH- or -0-C(0)-NH-. 

23. Compounds according to claim 21. characterized in that the radicals R„ are derived from 
triols; cyanuric acid; triamines; tricarboxylic acids or triisocyanates. 

24 Compounds sccording io daim 21. characterized in that they are chosen from the 
following group of compounds 



A H,c-040)c-2::^ 

J^>^ C(0)-0— CH I 



(18). 



HjC — <HO)C 





H2C-CMr^0)C-7-^t:;;s 

C(0)-O.H,C-C.CH, (19). 
XT (20). 



/^^^ CH20-(0)C-HN V HJ*-<0)C-0H2C -7^:^^^ 

rr 

hJ.(0)C-OH,C -^i^i^ 



(21) and 
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' (22). 



25. Compounds accorrting to clsim 1. characterized in that the bridging group corrssponds 
to the fem-iuJa Vil 

I 

I* 



in which 

X,. X,. X, and X, are -0(0)0-. -CH,.0(0)C. or -C(0)-NR„. and 
R,4 is a tetravalent aliphatic hydrocartwn radical having 4 to 20 C atoms, a tetravalent 
cycloaliphatic radical which has 4 to 8 ring C atoms and is unsubstituted or substituted by 
C,-C,alkyl or C-C^alkoxy. or a tetravalent aromatic radical which has 6 to 18 C atoms and is 
unsubstituted or substituted by C,-C,alkyl or C.-C,alkoxy. a tetravalent araliphatic radical 
which has 7 to 19 C atoms and Is unsubstituted or substituted by C,-C.alkyl or C,-C,alkoxy. 
or a tetravalent heteroaromatic radical which has 3 to 13 C atoms and i to three 
heteroatoms. from the group consisting of -a. -N- and -S- and is unsubstituted or 
substituted by C,-C,alkyl or C,-C,alko)cy. and R„ is H or C,-C,alkyl. 

26. Compounds according to claim 25. charact rized in that the radicals R,. are d rived from 
pentaerythritol. pyromellitic acid and 3.4.3-.4'.biphenyltetracarboxylic acid 

27. Compounds according lo claim 25. characterized in that they are 
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0-{0)C 



1 

C(OK)-«jC - C • CH2-0-(0)C -7;:^^ 



(23) 



or 



0-(0)C 





28. Compounds according to daim 1. characterized in that the compounds of the formula I 
contain only cartx>n and hydrogen atoms. 

29. Composition of (a) at least one compound of the formula I 

(A)„-B 

in which A is the radical of a strained cycloolefin. B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8, and 

J) a catalytic amount of at least one one-component caHlyst for metathesis polymerization 
which can be activated by heat or radiation, 

with the exception of norbomenecarboxylic acid norbenenemethyl ester of the fomiula 



in combination with a catalytic amount of at I ast one heat-stable molybdenum(VI) or 
tungsten(VI) compound which contains, bonded to the metal, at least two methyl groups or 
hvo monosubstituted m thyl groups, the substituent conlaining no hydrog n atom in the a 
position. 
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30. Composition according to cla.m 29. charactenzed m that it comprises, as the on - 
component catalyst, a heat-stable ruthenium or osmium compound which contains at least 
one photolabile ligand bonded to the ruthenium or osmium atom, and whose remaining 
coordination sites are satisfied with non-photolabile ligands 

31. Composition according to claim 30. charactenzed in that the ruthenium and osmium 
compounds correspond to the fomiula X 



rL,Me)l^u'*rY,--r, 

In which L, is a photolabile ligand and U is a non-photolabile ligand. Me is Ru or Os. Y, is a 
non-coordinating anion and x is the numbers 1. 2 or 3. 

32. Composition according to claim 29. characterized in that the one-component catalyst is a 
molybdenum(VI) or tur>gstan(VI) compound which contains at least two methyl Qroups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen 
atom in the a position. 

33. Composition according to claim 32. characterized in that the optionally monosubstituted 
m thyl groups, bonded to the metal, correspond to the formula XI 

-CH,-R (XI). 

in which R is H. -CF,. -SiR»R»R^. -CR4,R«R4,. Ce-C,earyl which is unsubstituted or 
substituted by C,-C,alkyl or C,-C,alkoxy or C«-C, jheteroaryl having 1 to 3 heteroatoms from 
the group consisting of 0. S and N: 

Rse. R39 and independently of one another are C,-Csalkyl. Cj- or CeCycloalkyI or phenyl or 
benzyl which are unsubstituted or substituted by C.-Cealkyl or C,-C«alkoxy: and 
R4,. and R43 independ ntly of on another are C,-C,oalkyi. which is unsubstituted or 
substituted by C,-C,oalkoxy. or R„ and R4, have this meaning and R„ is Ce-C,oaryl or 
CrCjhet roaryl, which is unsubstituted or substituted by C.-Ceaikyi or C,-C,alkoxy. 
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34 Composition according to claim 29. characterized in that the one-component catalyst is a 
heal-stable tilan:um(l\/). niobium(V). tantalum(V). molybdenum(VI) or tungsten(VI) 
compound in which a silylmethyl group and at least one halogen are bonded to the metal. 

35 Composition according to claim 34. characterized in that the silylmethyl group 
corresponds to the formula XIV 

•CH,-SiR3aR»R4o (XIV). 

in which 

R». R» and R^o independently of one another are C,-C,e-alkyl. Cj- or C,cycloalkyi. or phenyl 
or benzyl which are unsubstituted or substituted by C rCealkyI or C,-C«alkoxy 

36. Composition according to claim 29. characterized in that the one-component catalyst is a 
niobium(V) or tantalum(V) cnmpound which contains at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen 
atom in the a position. 

37 Composition according to claim 36. characterized in that the optionally monosubstituted 
methyl groups correspond to the formula XI 

-CH,-R (XI) 

in which in which fsicj R is H. -CF,. -SiRjaR„R«. -CR«,R^;R«. Cj-Caryl which is 
unsubstituted or substituted by C-C.alkyl or C.-Coalkoxy or C4-C,sheteroaryl which has 1 to 
3 heteroatoms from the group consisting of O. S and N; 

Rja. Rj9 and R^o independently of one another are C.-C,>alkyl. Cj- or C»cycloalkyl or phenyl 
or benzyl which are unsubstituted or substituted by C,-Ctalkyl or C,-C»alkoxy. and 
R4,. R4J and R4J ind pendently of on another are C,-C,aalkyl. which is unsubstituted or 
substituted by C,-C,oalkoxy. or R,, and R^j have this meaning and R«3 is Ce-Coaryl or 
C4-C,het roaryl. which is unsubstituted or substituted by C-CfBlkyt or C-Cgaikoxy. 
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38. Compos.t.on according to claim 29. characterized .n that the one-compon nt catalyst is a 
t.tan,um(IV) compound which contains at least two methyl groups or two monosubstituted 
methyl groups bonded to the metal, the subsftuent containing no hydrogen atom ,n the a 

position. 

39. Composition according to claim 38. characterized in that the optionally monosubstituted 
methyl groups correspond to the formula XI 

•CH,.R (XI) 

in whic^rr^ which isicj R is H. -CF,. -SiR»R«R^. -CR„R^R^. C.-C,.aryl which is 
unsubstituted or substituted by C,^.alkyl or C,-Cealkoxy or C.-C,sheteroaryl which has 1 to 
3 heteroaloms from the group consisting of O. S and N: 

Rm. R3, and Ko independently of one another are C-C^lkyl. C,- or Ccydoalkyl or phenyl 
or benzyl which are unsubstituted or substituted by C,-C,alkyl or C,-Calkoxy. and 
R4,. R4, and R„ independently of one another are C,-C,oalkyl. which is unsubstituted or 
substituted by C,<:,oalkoxy. or R., and R« have this meaning and is C,-C,oatyl or 
C4-CV>eteroaryl. whk:h is unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy. 

40 Compositk)n according to claim 29. characterized in that the one^omponent catalyst is a 
ruthenium or osmium compound which contains at least one phospl .ine group, at least one 
photolabile ligand. and optionally neutral ligands bonded to the metal atom, a total of 2 to 5 
iigands being bonded, and which contains acid anions for charge balanang. 

41. Composition according to claim 40. characterized in that the phosphine ligands 
correspond to the formulae XXIII or XXIIIa. 

PR9,R«R„ (XXIII). 
R9,R,2P-Z,-PR9,R« (XXIIIa). 



in 



which R„. R,j and R^j independently of one another are H, C-C^lkyl. C«-C,>cycioalkyl 
which is unsubstituted or substituted by C,-C,alkyl. C-CehaloalkyI or C-C.alkoxy. or 
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|-Uarvl Which is unsubstrtuted or substituted by C.-C.alkyl C,-Cehatoalkyl or C,-C.alkoxy. 
^ • •C„aralkyl which is unsubstituted or substituted by C.-C,alkyl. C,-C,haIoalkyl or 
^ C.tlkoxy; the radicals R,, and R„ together are tetra- or pentamelhylene. which is 
^2*^'b.trtuted or substituted by C,-Cealkyl. C.-C.haloalkyl or C,-C.alkoxy. or tetra- or 
^^•'Mamethylene. which is unsubstituted or substituted by C,-C«aikyl. C,-Cehaloalkyl or 
^ ' ^C,.ikoxy and fused with 1 or 2 1 .2-phenylene. and R„ has the meaning given above: and 
^ •^'« linear or branched C,-C,^lkylene which is unsubstituted or substituted by C,-C.alkoxy. 
^ or l.a^cloalkylene whk:h has 4 to 8 C atoms and is unsubstituted or substituted by 
^ jj-^tlkyl or c,.G,3!kesy, or 1.2 or i.3.heterocycloalkylene which has 5 or 6 ring members 
one heteroatom from the group consisting of O or N and is unsubstituted or substituted 
^C..C.alkylorC,-C«alkoxy. 

Composition according to daim 29. characterized in that the one-component catalyst is a 
^^^«»n|.cationic nithenium or osmium compound with a metal atom to which are bonded. 1 

^•rtiary phosphine ligands with, in the case of the ruthenium compounds, stericalty 
•"aciing substiluents. optionally non-photolabile neutral ligands and anions *or charge 
•"Cing. with the proviso that, in ruthenium (trisphenylphosphine) dihaiides or hydride- 
the phenyl groups are substituted by C,-C„alkyl. C-C.haloalkyl or C,-C„alkoxy. 

Composition according to daim 42. characterized in that the phosphine ligands 
^O'rtlpond to the fomiulae XXIII or XXIIla 

pR9iRmR« (XXIii). 

R*,R«P-Z,-PR9,R,2 (XXllla). 

^ ^Hich R,,. R„ and Rg, independently of one another are H. C.-C.<oalkyl. C.-CcydoalkyI 
It unsubstituted or substituted by C,-Cealkyl. C.-CehaloalkyI or C,-C,alkoxy. or 
^•C.,4ry| which is unsubstituted or substituted by C.-C,alkyl. C-C.haloalkyl or C,-C,alkoxy. 
^-Cijaralkyl which is unsubstituted or substituted by C-Cealkyl. C,-C,haloalkyl or 
• 'C,«lko)(y; the radicals R,, and R,, together are tetra- or pentamelhylene. which is 
^"'•Ubitiiuted or substituted by C,-C,alkyl. C-Chaloalkyl or C.-Cjalkoxy. or tetra- or 
l^^hlamethylene. which is unsubstituted or substituted by C.-Cjalkyl. C,-Cehaloalkyl or 
■' ■^••Ikoxy and fused with 1 or 2 1.2-phenyl ne. snd R„ has the meaning given above; and 
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2, IS linear or branched C -r aii,.-i« 

cnea c,, C.,alkylene which .s unsubstituted or substituted by C,-C,alkoxy 

1.2- or 1.3-cydoalkylene which has 4 ,o 8 C atoms and is unsubstrtuted or substituted by ' 
C.-C,alkyl or C,-C.a.koxy. or l .2 on .3-heterocycloalkylene wh.ch has 5 or 6 hng members 
and one heteroatom from the group consisting of O or N and is unsubstrtuted or substitut3d 
byC,-C.alkylorC,-C,alkoxy 

44 Composition according to claim 29. characterized in that the one<omponent catalyst is 
present in an amount of from 0 001 to 20 moi%. based on the amount of the monomer. 

45 Process for the preparation of crosslinked polymers by metathesis potymehzation 
characterized in that a composition of 

(a) at least one compound of the fonrula I 

(A),-B 

in wh.ch A is the radical of a strained cydoolefin. B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8. and 

(b) a catalytic amount of at least one one<omponent catalyst for a metathesis 
polymerization which can be activated by heat or radiation. 

with the exception of norbomenecart)oxylic acid norbomenemethyl ester of the formula 



I 



or 



.n combination w,th a catalytic amount of at least one heat-stable molybdenumfVI) 
tungsten(VI) compound which contains at least two methyl groups or two monosubstituted 
methyl groups bonded to the metal, the substituent containing no hydrogen at m in the a 
position. 

(c) is sul)jected to polymenzation by heating. 

(d) is subjected to polymerization by irradiation. 

(e) IS subjected to polymerization by heating and irradiation. 

(f) th one-component catalyst is activated by bnef h ating and the polymerization is ended 
by in-adiation or 
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(g) the one-component catalyst is activated by bnef irradiation and the polymenzation .s 
ended by heating 

46 Process according to daim 65 (sic), charactenzed m that .t .s earned out at a 
temperature of 20 to 300-C. 

47 Crosslinked metathesis polymers of at least one compound of the formula I 

(A)„-B (!) 

in which A is the radical of a strained cycloolefln. B is a direct bond or an n-valert bndgir>g 
group and n is an integer from 2 to 8. and if appropriate other monomers capable of 
metathesis polymerization, with the exception of norbomenecartx>xylic add 
nort>omenemethyl ester. 

48 Coaled carrier material, characterized in that a layer of a composition according to daim 
29 is applied to a substrate. 

49. Coated substrate with a cured layer of a composition according to claim 29 
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Monomers and compQs.tinn u^.rh ..n ^ ^>>.,>., n Ked and rrn^cnRed oolvm^r^ 
Abstract 

Compounds of the formula I 

(A)„-B (I) 

•n Which A is the radical of a strained cycloolefin. B is a direct bond or an n-valent bndging 
group and n is an integer from 2 to 8. wrth the exception of 1 .2-b.snort>omenyi-ethane and 
nofbomenecarboxylic acid norbomenemethyl ester 

The compounds of the formula I can be polymerized with one^omponent catalysis (nng- 
opening metathesis polymerization). 



IN THE MATTER OF an Australian 
Application corresponding to 
PCT Application PCT/EP95/04359 



I. Andrew Harvey David SUMPTBR BSc, 

c/o Evrop. Hou... M.r,h« ».y, o.rr.rd. Cro„. Bucl,in<,h^„i„. 
England, do solemnly and sincerely decl.r. that I „ conv.r.«t 
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belxe: the following i. a true and correct translation of th. 
a-ended sheet. of the PCT Application filed under 
No. PCT/BP95/04359. 



Date: 9 May 1997 



A. H. D. SUMPTER 
For and on behalf of RWS Translations Ltd. 
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PATENT CtAIM.5 

1 Compounds of the formula I 

in which A is the radical of a strained cycloolefln. B is a direct bond or an n-valenl bridging 
group, and n is an integer from 2 to 8. with the exception of 1 .2-bisnorbomcnyl-«thane. 
norbomenecarboxylic acid norbomenemethyl ester and compounds of the fomiula. 





in which R, is hydrogen or alkyl. 

2. Compounds according to claim 1 . characterized in that the cyclic olefins are monocydic or 
polycyclic fused and/or bridged ring systems which are unsubstituted or substituted and can 
contain heteroatoms O. S. N or Si in one or more rings and/or fused alicyclic. aromatic or 
heteroaromatic rings. 

3. Compounds according to claim 2. characterized in that the individual cyclic rings contain 3 
to 16 ring members. 



4. Compounds according to claim 2. characterized in that the cyclic rings contain 3 to 12 ring 
members. 



5. Compounds according to claim 2. charact riz d in that the cyclic rings contain 3 to 8 ring 
memt)ers. 



6. Compounds according to claim 1. characterized in that the radical of a strained cycloolefin 
corresponds to th formula 11 
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CH===CQ2 

(ID. 



Q, .s a radical having at least one cartK,n atom which, together with the -CH=CQ, group 
forms an at least 3^mbered alicydic ring which optionally contains one or more 
heteroatoms chosen from the group consisting of silicon, phosphoois. oxygen, nitrogen 
and sulfur; and which is unsut)stituted or substituted by halogen =0 -NO, 
R,R,R3Si.(0),. .COOM. .PO3M. .C0O(M,),«. .SO,m,., -PO^fMO^^.G,- 

C^lkyl. e,.C«,hydfoxyalkyl. C,.C«,haloalkyl. C,-C.cyanoalkyl. C,.C.cycloalkyl (V 
C,earyl. C,C,.aralkyl. C-Ceheterocycloalkyl. C3-C,.heteroaryl. C,-C,.heteroarallcyl or R,. 
X-; or m which two adjacent C atoms are substituted by -CO-OCO- or ^aNR,-CO.- or 
in Which an aromatic or heteroaromatic r«ng and/or further alicydic rings which Is (sicj 
unsubstituted or substituted by halogen. -CN. -NO,. ReRrR.Si.(0)„-. -COOM. .SO,M - 

PO,M. -COO(M,),«. .S03(M,),«. -P03(M|),«. C,-C«,alkyl. C,-Ca,haloalkyl. 

C,-C«,hydroxyalkyl. C,-Cecyanoalkyl. C,-CaCydoalkyl. Ce-C,earyl. CrC,earalkyl. 

C3-Ceheterocydoalkyl. C3-C„heteroaiyl. C4-C„heteroaralkyl or R„.x,- are optionally 

fused onto adjacent carbon atoms of the alicydic ring; 
X and X, independently of one another are -O-.-S-. -CO-. -Sa. -SO,-. -O-C(O).. -C(0)-0- 

-C(0).NR5-. .NR,o-C(0).. .SO2-O- or -O-SO,-; 

R,. R, and R, independently of another are C,.C„alkyl. C,-C«perfluoroalkyl. phenyl or 
benzyl; 

R4 and R,3 independently are C,-C«,alkyl. C,-C„haloalkyl. C,-C,ohydroxyalkyl. 

C3-CeCycloalkyl. C»-Ci8aryl or CrC,6aralkyl; 
R5 and R,o independently of one another are hydrogen. C,.C„alkyl. phenyl or benzyl, where 

the alkyi groups in turn are unsubstituted or substituted by C-Cjalkoxy or 

CrCecydoalkyI; 

Re. R7 and R, independently of one anoth r are C,-C„alkyl. C,-C,^perfluoroalky;. phenyl or 
benzyl; 

M is an alkali m tal and is an alkaline earth metal; and 
uisOor 1; 
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where th alicydic nog formed with 0, optionally contains further non-aromatic double 
bonds: 

Q, is hydrogen. C.-C«alkyl. C,.C„haloalkyl. C,-C„alkoxy. halogen. -CN or R„-X,; 
Rn is C,-C„alkyl. C,-C«,haloalkyl. C,-C„hydroxyalkyl. C,-CaCycloalkyl. C,-C„aryl or 
C7-C,6aralkyl: 

X, is -C(0)-0- or -C(0)-NR„-; 

R„ is hydrogen. C,-C,^lkyl. phenyl or benzyl; 

where the abovementioned cycloalkyl. heterocycloalkyl. aryl. heteroaryl. araikyi and 
heteroaralkyi groups are unsubstituted or substituted by C-C.jalkyr C-Cia'kesy. =N0,. -CH 
of halogen, and where the heteroatoms of the abcveinenlioned heterocycloalkyl. heteroaryl 
and heteroaralkyi groups are chosen from the group consisting of -0-. -S-. -NR,- and -Ns; 
and 

R9 is hydrogen. C,^,^lkyl. phenyl or benzyl 

7. Compounds according to claim 6. characterized in that, in formula II. Q, is hydrogen. 

8. Compounds according to claim 6. characterized in that, in formula II. the alicydk: ring 
which Q, forms together with the -CH»CQ,. group contains 3 to 8 ring atoms, the ring being 
a monocydlc. bicydic. tricydic or tetracydic ring system 

9. Compounds according to claim 6. charaderized in that the radical of a strained cydoolefin 
conresponds to the formula II. in which 

Q, is a radical with at least one carbon atom which, together with the -CH=CQ,- group, 
forms a 3- to 20-membered alicydic ring which optionally contains one or more 
heteroatoms chosen from the group consisting of silicon, oxygen, nitrogen and sulfur; and 
which is unsubstituted or substituted by halogen. =0. -CN. -NO,. R,R,R,Si-(0)„-. -COOM. 
-SO,M. -PO,M. ^00(M,),;,. -SO,(M,).,. -PO,(M,),,. C.-C„alkyl. C,.C„haloalkyl. C,- 
C„hydroxyalkyl. C.-C.cyanoalkyl. C,-C,cycloalkyl. C,-C„aryl. CrC„aralkyl. C,- 
Ceheterocydoalkyl. Cj-C„h t roaryl. C^-C^heteroaralkyl or R.-X-; or in which two 
adjacent C atoms in this radical Q, are substituted by -CO-O-CO- or -CO-NRj-CO; or in 
which an aromatic or heteroaromatic ring and/or further alicydic lings which are 
unsubstituted or substituted by halogen. -CN. -NO,. R^R^R.Si-. -COOM. -SO,M. -PO,M. - 
COO(M,),«. -SO,(M,),fl. -PO,(M,),,. C,-C„alkyl. C,-C„haloalkyl, C,-C„hydroxyalkyl. C,- 
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Ccyanoalkyl. C,-CeCycloaIKyl. C,C„aryl. C.-C.^ralkyl. C3-C,heterocydoalkyl C,- 
Cheteroaryl. C,-C„heteroaralkyl or R.,-X.- are optionally fused onto adjacent carbon 
atoms: 

X and X, Independently of one another are -O. -S-. .CO-. -Sa. -SO,-. -0-0(0)-. .C(0)-0- 
-C(0)-NR5-. ♦NR,o-C(0)-. -S0,-O. or -O-SO,-: and 

R,. R, and R, independently of one another are C.-C,alkyl. C,-Cj>erfluofoalkyl. phenyl or 
benzyl; 

M is an alkali metal and M, is an alkaline earth metal; 

R4 and R., independently of one another are C,-C,,alkyl. C,-C„hatoalkyl. C,-C.,hvdm»vaiwvi 

C,.C,cycldalkyl. C,-C„aryl or CrC,3aralkyl; 
R5 and R,o independently of one another are hydrogen. CrC,alkyl. phenyl or benzyl, 
where the aikyi groups In turn are unsubstituted or substituted by C,-C,alkoxy or 

C3-C«cycloalkyl; 

R«. R, and R, independently of one another are C,-C,alkyl. C,-Cj)erfluoroallcyl. phenyl or 
benzyl; 

u isOor 1; 

where the alicydic ring formed with Q, optionally contains further non-aromatic double 
bonds; 

Q2 is hydrogen. C,-C„alkyl. C,-C„haloalkyl. C,-Calkoxy. halogen. -ON or R,,./,-: 
R„ is C,.C„alkyl. C,.C„haloalkyl. C,-C„hydroxyalkyl. C,-C,cycloalkyl. Ca-C,^ryl or 

CrC,2aralkyl; 
X, is -C(0)-0- or -C(0).NR„; and 
Rij is hydrogen. C,-C,alkyl. phenyl or benzyl; 

and where the cycloalkyl. heterocycloalkyl. aryl. heteroaryl. aralkyi and heteroaralkyi groups 
are unsubstituted or substituted by C-Cealkyl. C,.C.alkoxy. -NO,. -CN or halogen, and 
where the heteroatoms of the heterocycloalkyl. heteroaryl and heteroaralkyi groups are 
chosen from the group consisting of -O-. -S-. -NR.- and -N=; and R, is hydrogen. C,-C.alkyl. 
phenyl or benzyl. 

10. Compounds according to claim 6. characteriz d in that the radical of a strain d 
cycloolefin corresponds to the formula II, in which 

Q, is a radical with at least one carbon atom which, together with the -CH=CO,- group, 
fomns a 3- to 10-membered alicydic ring which optionally contains a h teroatom chosen 
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from the group consisting of silicon, oxygen, nitrogen and sulfur and is unsubslituted or 
substituted by hs»ogen. -CN. -NO,. R,R,R,Si.. -COOM. -SO,M. -PO,M. -COO(M.),,. - 
SO,(M,),/,. -PO,(M,),,. C-Cealkyl. C,-Cehaloalkyl. C,^,hydroxyalkyl. C-C^cyanoalkyl. C,- 
C,cycloalkyl. phenyl, benzyl or R,-X-; or in which an aromatic or heteroaromatic ring 
which is unsubslituted or substituted by halogen. -CN. -NO,. RsR,R,Si-. -COOM. -SO,M. - 
PO,M. -COO(M,),^. -SO,(M,).^. -PO,(M,),^. C,-C.alkyl. C.-C,haloalkyl. C,-C,hydroxyalkyl. 
C,-C,cyanoalkyl. C,-C.cycloalkyl. phenyl, benzyl or R„-X,- is optionally fused onto 
adjacent carbon atoms: 

R„ R, and R, independently of one another are C.-C^alkyl. C,-C,perfluoroalkyl. phenyl or 
benzyl; 

M is an alkali metat and M, is an aikaiihe earth metal; 

R4 and R„ independently of one another are C,-C,alkyl. C,-C,haloalkyl. C,-C,hydroxyalkyl or 
Ca-Cecycloalkyl; 

X and X, independently of one another are -0-. -S-, -CO-. -SO- or -SO,-; 

R.. Rr and R, independently of one another are C-C.alkyl. C,-C4peffluoroalkyl. phenyl or 

benzyl; and 
Q; is hydrogen. 



1 1 Compounds according to claim 6. characterized in that the cycloolefin radkal of the 
fomrjula It is unsubstituted or substituted cyclopropenyl. cyclobutenyl. cydopentenyl. 
cydoheptenyl. cydooctenyl, cydopentadienyl. cydohexadienyl. cydoheptadienyl. 
cydoodadienyl and norbomenyl or nort)omenyl derivatives. 

12. Compounds according to daim 6. characterized in that the cycloolefin radical of the 
formula II is a radical of the formula III 
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R 



14 



(HI). 



in which 

X3 is -CHR16-. oxygen or sulfiir; 

R,4 and R,5 independently of one another are hydrogen, -CN. trifluofomethyl. (CH3)3Si-0-. 
(CH3)3Si- or -CCX>R,7; and 

R16 and R,7 independently of one another are hydrogen. C,.C,ralkyl. phenyl or twnzyl; 
or of the formula IV 



in which 

X4 is -CHR,9-. oxygen or sulfur; 

R,9 is hydrogen. C-Cjalkyl. phenyl or benzyl: and 

R,8 is hydrogen. C-Cealkyl or halogen 

13. Compounds according to claim 6. characterized in that the cycloolefin radical of th 




<IV). 
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formula II is norbomenyl of the formula 

14. Compounds according to claim 1. characterized in that, in formula I. n is an integer from 
2 to 6. 

15 Compounds according to claim 1. characterized in that, in formula I. n is an integer 
2 to 4 

16. Compounds according to claim 1 . characterized in that, in formula I. n is the number 2 or 

3. 

17. Compounds according to daim 1. characterized in that, in formula I. B is an n-valent 
bridging group. 

18. Compounds according to daim t. characterized in that the bridging group corresponds 
to the formula V 

-Xs-Rjo-Xe- (V) 

in which 

Xj and Xfl independently of one another are a direct bond. -0-. -CHj-O-. -C(0)0-. 

-0(0)C-. -CH2-0(0)C-. ^(0)-NR2,-. -Rj,N-(0)C-. -NH-C(0)-NR„-. -0-C(0)-NH.. 

-CH2-0-C(0)-NH. or •NH-C(0)-0- and 
R» is Cj-Cealkylene. Cs-Cscydoalkylene which is unsubstituted or substituted by C,-C4alkyl 

or C,-C4alkoxy, Ce-Caarylene or C7-C,9aralkylene which are unsubstituted or substituted 

by C,-C4alkyl or C,-C4alkc)cy. or poly xaalkylene having 2 to 12 oxaalkylene units and 2 

to 6 C atoms in the alkylene. and 
R21 is H or C,-C«alkyl. 

19. Compounds according to daim 18. charact rized in that, in fomiula V. 
a) X5 and Xe are a direct bond and Rj© is Cj-Cieaikylene. or 
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b) Xs and X. are -O-. -CH,-0-. -C{0)0-. -0(0)C-. -CH-0(0)C-. -C(0).NR,.-. -0-C(0)-NH. 
or -CH,-0-C(0)-NH-. aiKl R„ is C,.C.^:kylene. pheny»er,e. oaphthylene or ben2yler»e which 
are unsubstitutsiJ or substituted by C,.C,alkyl or C,-C,alkoxy. or -R„.(0-R„-).-OR,.-. in 
which X is a number from 2 to 4. and R„ is -CrC^alkylene 

20 Compounds according to claim 18 characterized in that they are selected from the 
following group of compounds 

i A 

jCHjCHj — 22::^C^ ( ' ). 
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/:^:^^;^CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2 Z^:^^ 

13)- CHjCHj (8X 

y— CH-CHjCHjCHj ^ ^ 

CH20C(0)NHCH jCHjCHjCH^CH^.CH^HlOCOHjC —.j;^:^^^^ ^ ' * ^* 



^i::^^^^ C(0)NHCHjCH,CH;CHjNH(0)C — j;:^^^ 
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^^^^^^^ C(0)cx:hjCh,chjCHjO(O)C — 



(13). 



(14). 




1 

CH,0-C(0).NH. 




CHjO-C(OjNH C/^ CHj 



2 1 Compounds according to daim 1 . characterired in that the t)ridging group corresponds 
to the fonnula Vl 



I 

Xs-RjjX^ 



in Which 

X,. )Q and X, are -O. -CH,-0-. -C(0)0-. -0(0)C-. -CH,-0(0)C-. -C(0)-NR„.. -R„N-(0)C-. 
-NH-C(0)-NR„-. -0-C(0)-NH-. -CH,0-C(0)-NH- or .NH-C(0)-0-. and 

is a trivalent aliphatic hydrocartwn radical having 3 to 20 C atoms, a trivalent 
cycloaiiphatic radical which has 3 to 8 ring C atoms and is unsubslituted or substituted by 
CrC^alkyl or C.-C^alkoxy. or a trivalent aromatic radical which has 6 to 18 C atoms and is 
unsubstiluled or substituted by C,-C,alkyl or C,-C.alkoxy. a trivalent arahphatic radical which 
has 7 to 19 C atoms and is unsubstituted or substituted by C,-C«alkyl or C-Calkoxy. or a 
trivalent heteroaromatic radical which has 3 to 13 C atoms and 1 to 3 h teroatoms from the 
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group c0ns.st.n9 of -O-. -N. and -S- and .s unsubst.tuted or subsMuted by C,-C.alkyl or 
C,-C,alkoxy. and R,, is H or C,-Cgalkyt 

22 Compounds according to cJa.m 21. c»iaracteru:ed in that X,. X, and X, are -O- -CH -O- 
-C(0)0-. -O(0)C-. .CH,-0(0)C-. -C(0)-NR,... -CH-0-C(0)-NH- or -O-C(0)-NH- 

23 Compounds according to claim 21. characterized in that the radicals R„ are derived from 
tnols; cyanuric add: triamines: tricarboxylic acids or triisocyanates. 

24 Compounds according to claim 21. characterized in that they are chosen from the 
following group of compounds 
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25 Compounds according to cla.m 1. charactenzed .n that the br.dg.ng group corresponds 
to the formula VII 



I 
I 

r ^ (VU). 



in which 

X,. Ki. X: a.id X« are -G{0)a-. -CH,-G(G)C- or -C(0)-NR,,- and 
R:4 IS a tetravalent aliphatic hydrocarbon radical having 4 to 20 C atoms, a tetravaleni 
cycloaliphatic radical which has 4 to 8 ring C atoms and is unsubstituted or substituted by 
C,-C4alkyl or C..C4alkoxy. or a tetravalent aromatic radical which has 6 to 18 C atoms and is 
unsubstituted or substituted by C-CalkyI or C,-C.aikoxy. a tetravalent araliphat>c radical 
which has 7 to 19 C atoms and is unsubstituted or substituted by C,-C.alkyl or C,-C,alko)cy. 
or a tetravalent heteroaromatic radical which has 3 to 13 C atoms and 1 to three 
heteroatoms. from the group consisting of -0-. -N- and -S- and is unsubstituted or 
substituted by C-C.alkyl or C-C^alkoxy. and R„ is H or C,-C,alkyl 

26 Compounds according to claim 25. charactenzed in that the radicals are derived from 
pentaerythritol. pyromellitic acid and 3.4.3 .4 -biphenyltetracarboxylic acid 



27 Compounds according to claim 25. charactenzed m that they are 



• 96- 



CXO)C 



O-(0)C 




(24) 



28 Compounds accortJ.'^g to daim 1. characterized in that the compounds of the formula f 
contain only carbon and r »drogen atoms. 

29 Composition of (a) a: east one compound of the fomiula I 

('^ 3 (I) 

in which A is the radical C a strained cycloolefin. B is a direct twnd or an n-valent bridging 
group arKl n is an integer *rom 2 to 8. and 

(b) a catalytic amount of at least one one-component catalyst for metathesis polymerization 
which can be activated rv heat or radiation. 

with the exception of nc rornenecartx)xylic acid nort)enenemethyl ester of the formula 



C(0)O HjC 





in combination with a catalytic amount of at least one heat-stable molyt>denum(VI) or 
tungst n(VI) compouno ^rtich contains, bonded to the metal at least two methyl gr ups or 
two monosubstituted memyi groups, the substitu nt containing no hydrogen atom in the a 
position 
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30 Composition according to claim 29. characterized in that it comprises, as the one- 
component catalyst, a heat-stable ruthenium or osmium compound which contains at least 
one photolabile ligand bonded to the ruthenium or osmium atom, and whose remaining 
coordination sites are satisfied with non-photolabile ligands 

31. Composition according to claim 33. characterized in that the ruthenium and osmium 
compounds correspond to the formuta X 

lL,Me)U)5j'TY,'% 

in which L, is a photolabile ligand and L. is a non-photolabiie ligand. Me is Ru or Os. Y, is a 
non-coordinating anion and x is the numbers 1. 2 c 5. 

32. Composition according to claim 29. characterized in that the one-component catalyst is a 
molybdenum(Vi) or tungsten(VI) compound which contains at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen 
atom in the a position. 

33. Composition according to daim 32, characterized in that the optionally monosubstitutad 
methyi groups, bonded to the metal, correspond to the fonnula XI 

-CH,.R (XI). 

in which R is H. -CF,. -SiRjsRj^. -CR4,R4jRo. C,-C,earyl which is unsubstituted or 
substituted by C,-Cealkyl or C,-C,alkoxy or C4-C,5heteroaryl having 1 to 3 heteroatoms from 
the group consisting of O, S and N; 

Rss, Rw and R40 independently of one another are C,-Csalkyl. Cj- or Cgcycloalkyi or phenyl or 
benzyl which are unsubstituted or substituted by C,-Cealkyl or C,-C«alkoxy: and 
R41. arHl R4, ind pendently of ne another ar C,-C,oalkyl. which is unsubstituted or 
substituted by C,-C,oalkoxy. or R,, and R42 have this meaning and is Cft-C,oaryl or 
C4-C,heteroaryl. which is unsubstituted jr substituted by C,-Csalkyl or C-Ccaikoxy. 
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34 Composition according to claim 29. characterized in that the on -component catalyst is a 
heat-stable titanium(IV). niobium{V). tantalum(V). molybdenum(VI) or tungsten(VI) 
compound in which a silylmethyl group and at least one halogen are bonded to the metal. 

35. Composition according to claim 34, characterized in that the silylmethy* group 
corresponds to the formula XIV 

-CH,.SiRMRagR4o (XIV). 

in which 

R3S. and R40 independently of one another are CrC,a-dlkyl. Cs- or Ctcydoalkyi. or phenyl 
or benzyl which are unsubstituted or substituted by C,*Cea(kyl or Ci-C^lkoxy. 

36. Composition according to claim 29. characterized in that the one-component catalyst is a 
niobium(V) or tantalum(V) compound which contains at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen 
atom in the a position. 

37. Composition according to claim 36. characterized in that the optionally monosubstituted 
methyl groups correspond to the formula XI 

•CHj-R (XI) 

in which in which (sici R is H. -CF,, -SiR3aR3»R4o. •CR4iR42R43. Cfl-C,ftaryl which is 
unsubstituted or substituted by CrCsalkyI or C,-Ceall(oxy or C4-Cisheteroaryl which has 1 to 
3 heteroatoms from the group consisting of O, S and N; 

R3S, R)9 and R40 independently of one another are C-Cjalkyl C5- or CeCycloalkyI or phenyl 
or benzyl which are unsubstituted or substituted by CrCealkyI or CrCealkoxy. and 
R41. R42 and R43 independently of one another ar C-Ctoalkyl. which is unsubstituted or 
substituted by CrCioatkoxy. or R4, and R42 have this meaning and R43 is C6-C,oaryl or 
C4-C^eteroaryl, which is unsubstituted r substituted by CrC^alkyl or C-Cealkoxy. 
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38. Composition according to claim 29. characterized in that the one-component catalyst is a 
titanium(IV) compound which contains at least two methyl groups or two monosubstituted 
methyl groups bonded to the metal, the substituent containing no hydrogen atom in the a 
position. 

39. Composition according to claim 38, characterized in that the optionally monosubstituted 
methyl groups correspond to the formula XI 



in which in which (sic) R is H, -OF,. -SiRvRjaRw. -CR«,R42R4s. C,-C,«aryl which is 
unsubstituted or substituted by C,-C,alkyl or C-Ctalkoxy or C4-C,sheteroaryl which has 1 to 
3 heteroatoms from the group cor>sisttng of O. S and N; 

R„. Rj, and independently of one another are C,-C„allcyl. Cj- or C,cycloalkyl or phenyl 
or benzyl which are unsubstituted or substituted by C,-Cealkyl or C,-Caalkoxy. and 
R4,. R42 and R«, independently of one another are C,-C,oalkyl. which is unsubstituted or 
substituted by C,-C,oalkoxy. or R4, and R42 have this meaning and R43 is Ce-Cioaryl or 
C«-C,heteroaryl. which is unsubstituted or substituted by C,-C«alkyl or C,-C,alkoxy. 

40. Composition according to daim 29. characterized In that the one-component catalyst is a 
ruthenium or osmium compound which contains at least one phosphine group, at least one 
photolabile ligand. and optionally neutral ligands bonded to the metal atom, a total of 2 to 5 
ligands being bonded, and which contains ackj ank}ns for charge balancing. 

41. Composition according to claim 40, characterized in that the phosphine ligands 
correspond to the formulae XXIII or XXIIIa. 



^H,-R 



(XI) 



PR»iR«R« 



(XXIII). 




(XXIIIa). 



in which R,,. R„ and R,, independently of one another are H. C,-C»alkyl. C4-C„cycloalkyl 
which is unsubstituted or substituted by C,-C,alkyl. C,-C»haloalkyl or C,-C,alkoxy. r 
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C6-C,«aryl which is unsubstituted or substitut d by C,-C«alkyl. C,-Cehaloalkyl or C,-C«alkoxy. 
or CrCiearalkyl which is unsubstituted or substituted by C,-Cealkyl. C-Cghaloalkyl or 
C,-Cealkoxy; the radicals R,, arnl R„ together are tetra- or pentamethyler)e. which is 
unsubstituted or substituted by C,-C,alkyl. C-Cehaloalkyl or C,-C,alkoxy. or tetra- or 
pentamethylene. which is unsubstituted or substituted by C,-C,alkyl. C,-Cehaloalkyl or 
C,-C,alkoxy and fused with 1 or 2 1.: phenylene. and R„ has the meaning given above; and 
Z, is linear or branched Ca-Cijalkylene which is unsubstituted or substituted by C,-C«alkoxy. 
1.2- or 1.3-cycloalkyt3ne which has 4 to 8 C atoms and is unsubstituted or substituted by 
C,-C4alkyl or C,-C4alkoxy. or 1 .2 or 1 .3-heterocycloalkylene which has 5 or 6 ring members 

«>t«4.MnA i*A*arna«Am_fc«»m_thA nrAt in rnneistino nf O nr Kl and is unsiibslituted or substituted 

by C,-C4alkyl or C,-C4alkoxy. 

42. Composition according to dalm 29. characterized in that the one-component catalyst is a 
divalent-cationic ruthenium or osmium compound vwth a metal atom to which are bonded, 1 
to 3 tertiary phosphine ligands ¥«th. in the case of the ruthenium compounds, sterically 
exacting substituents. optionally non-photolabile neutral ligands and anions for charge 
balancing, with the proviso that, in ruthenium (trisphenylphosphine) dihalMes or hydride- 
halkles. the phenyl groups are substituted by C,-C„alkyl. C,-C„haloalkyl or C,-C„alkoxy. 

43. Composition according to daim 42. characterized in that the phosphine ligands 
correspond to the formulae XXIII or XXIIIa 

PR.,R«R« <XX"I). 

R„R„P.ZrPR«.R« (XXIIIa). 

in which R,,. R« and R,, independently of one another are H. C,-Cjoalkyl. C4-C,2cycloalkyl 
which is unsubstituted or substituted by C,-Cea!kyl. C,-Cehaloalkyl or C,-Cealkoxy. or 
C8-C„aryl which is unsubstituted or substituted by C,-Cealkyl. CrC,haloalkyl or C-Calkoxy. 
or CrC,^ralkyl which is unsubstituted r substitut d by C.-Cealkyl. C,-Cehaloalkyl or 
C-Cealkoxy: the radicals R., and R„ together are tetra- or pentam Ihylene. which is 
unsubstituted or substituted by C,-C,alkyl. C,-Cshaloalkyl or C,-C.alkoxy. or tetra- or 
pentamethylene. which is unsubstituted or substituted by C,-Cealkyl. C,-C,haloalkyl or 
C,-CeaIkoxy and fused wrth 1 or 2 l.2-ph nylene. and R„ has the m aning given abov ; and 
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Zt is linear or branched C2-C,2aikylen which is unsubstituted or substituted by C,-C4alkoxy. 
1 .2- or 1 .3*cydOdtkylene which has 4 to 8 C atoms and is unsubstituted or substituted by 
C,-C4alkyl or C,-C4alkoxy. or 1 ,2 or 1 .3*heterocyctoalkylen6 which has 5 or 6 ring members 
and one heteroatom from the group consisting of O or N and is unsut>stituted or substituted 
by C-C^alkyl or C,-C4alkoxy. 

44. Composition according to claim 29, characterized in that the one-component catalyst is 
present in an amount of from 0.001 to 20 mol%. based on the amount of the monomer. 

45. Process for the preparaticr^ of crt^tinked polymers by met^^ potyfuerization. 
characterized in that a composition of 

(a) at least one compound of the formula I 



in which A is the radical of a strained cydoolefin. B is a direct tx>nd or an n-valent bridgino 
group and n is an integer from 2 to 8. and 

(b) a catalytic amount of at least one one-component catalyst for a metathesis 
polymerization which can be activated by heat or radiation. 

with the exception of nort)omenecarboxylic acid norbomenemethyl ester of the formula 



in combination with a catalytic amount of at least one heat-stable moiybdenum(VI) or 
tungsten(VI) compound which contains at least two methyl groups or two nu>nosubstituted 
methyl groups bonded to the metal, the substituent containing no hydrogen atom in the a 
position. 

(c) is subjected to polymerization by heating. 

(d) is subjected to polymerization by irradiation. 

(e) is subjected to polymerization by heating and irradiation. 

(0 the one-component catalyst is activated by brief heating and th polymerizatk)n is nded 
by in-adiation. r 



(A).-B 



(0 
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(g) the one-component catalyst is activated by brief irradiation and the polym rization is 
ended by heating. 



46. Process according to claim 65 [sicj. characterized in that it is carried out at a 
temperature of 20 to SOO'C 

47. Crosslinked metathesis polymers of at least one compound of the formula I 

(A)„-B (0 
in which A is the radical of a strained cydoolefin. B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8. and if appropriate other monomers capable of 
metathesis polymerization, vwith the exception of noitoomenecarboxyiic add 
nortx>rr>enemethyl ester. 

48. Coated carrier material, characterized in that a layer of a composition according to dal 
29 is applied to a substrate. 

49. Coated substrate with a cured layer of a composition according to daim 29. 
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